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PREFACE 


This assessment of the health effects associated with 
passive smoking has been prepared by the Human Health Assessment 
•Group, Office of Health and Environmental Assessment, Office of 
Research and Development, which is responsible for its scientific 
accuracy and conclusions. The assessment was prepared at the 
request of the Indoor Air Division, Office of Indoor Air and* 
Atmospheric Programs, Office of(Air and Radiation, which defined 
'its scope and provided funding 

The document has been developed under the authority of Title 
' IV of Superfund (The Radon Gas and -Indoor Air Quality Research 
Act of 1986) to provide information and guidance on the potential 
hazards of indoor air pollutants. 

A comprehensive search of the scientific literature for this 
document is Complete through 'September 1989. In addition, a few 
studies published since September of 1989‘have been included in 
response to recommendations made by reviewers. 

Due to both resource and time constraints, the scope of this 
review has been limited to an analysis of respiratory effect^, 
with emphasis* on the epidemiologic data. Further, because two 
thorough‘reviews on passive smoking were completed in 1986 (by 
the U,S. Surgeon General and the National Research Council), this 
document provides a summary of those reports with a more 
comprehensive analysis of the literature appearing subsequent to 
those reports and an integration of all the results. 

With respect to quantitation of lung cancer risk, the 
H document has used the actual epidemiologic data and vital 
statistics to estimate the number of nonsmokers affected. It 
i does not use high- to low-dose extrapolation models since 

exposures in the epidemiology studies were at true environmental 
levels. However, measures of expos-ure-response and modeling are 
examined in two- appendices. One appendix analyzes the two main, 
'current ly-^used proxies for environmental tobacco smoke (ETS) 
exposure, respirable suspended particulates and body cotinine 
V levels. The'Other appendix examines methodologies and models 
treating ETS as a complex mixture of carcinogens with both { 
initiating and promoting properties. It also outlines several 
possible approaches for exposure-response assessment. 

Two other issues that have not been addressed in this draft 
but which have drawn comments r f rom reviewers of f ear1ier drafts 
are- (1) the possible synergistic lung cancer effect of ETS and 
radon, and (2) the relative lung cancer .hazards and risks of home 
and the workplace. These issues will be more fully covered in a 
revised version of this document. 

It is the Agency's intent to revise and update .this document 
following the public comment period and review by the Agency's 
Science Advisory Board. 

x » 05/17/90 
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examined in two appendices. One appendix analyzes the two main, currently-used proxies fdr 

environmental tobacco smoke (ETS) exposure, respirable suspended particulates and body 

coniine levels. The other appendix examines methodologies and models treating ETS as a 
/ 

. complex mixture of carcinogens with both initiating and promoting properties. It also outlines 
several possible approaches for exposure-response assessment. 

Two other issues that have not been addressed in this draft hot which have drawn 
comments frorn reviewers of earlier drafts are (1) the possible synergistic lung cancer effect of 
ETS and radon, and (2) the relative lung cancer hazards and risks,of home and the workplace, 
These issues will be more fully covered in a revised version of this document. 

• It is the Agency’s intent to revise and update this document following the public 
comment period and review by the Agency’s Science Advisory Board. 
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MS 

* mainstream smoke 

i t - 

NCI 

t 

National Cancer Institute 

NHIS 

* National Health Interview Survey 

NP 

nasopharyngeal ( 

NRC 

National Research Council e 

NS 1 

never-smoker 

OR 

observed risk 

P 

pulmonary 

PAH 

polycyclic aromatic hydrocarbons j 

PAR 

• 

population-attributable risk 

RPA ' 

Relative Potency Approach 

RR * 

* relative risk 
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respirabie-^thpended particulates 

RSV 

respiratory sygcytial virus ^ 

e, > 
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small cell circinoma 
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Seventh-Day Adventists 

ss 

sidestream smoke 

TB 

tracheobronchial 

U.S. DHHS • 

U.S. Department of Health and Human Services 

US. DOT 

U.S. Department of Transportation 

U.S. SO 

U.S. Surgeon General 

WHO 

World Health Organization 
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t. EXECUTIVE SUMMARY 1 


/• . 


fn 1986, the National Research Council (NRC) and the U.S, Surgeon General (U.S, SO) 

• assessed the health effects of ensure to environmental tobacco smoke (ETS). Both of the 

' i 

1986 reports conclude that ETS exposure is causally associated.with lung cancer and that 

- r ' 

children of parents who smoke have increased frequency of respiratory symptoms and acute 
respiratory illnesses and evidence of reduced lung function. The two reports were developed 

and edited by different processes, which strengthens the validity of the conclusions common to 

& jf 

both reports. The NRC report is the product of a committee of experts; the U.S. SO j'eport is a 

composite of contributions from individual experts that were edited^ based on the review of 

other knowledgeable individuals, anduften cleared through the U.S. Public Health Service.* 

This 'document extends the analyses of those reports to include subsequwn epidemiologic 
^ * 
evidence on the potential association between ETS and (1) lung cancer in nonsmoking'adults, 

and (2) % respiratory disease and pulmonary effects in children. It concludes that passive 

smoking is causally associated with lung cancer in adults and that exposure of young children to 

t • 

i **’ , 

ETS from parental smoking, particularly during infancy, is associated with increased prevalence 
of acute lower*re$piratory-tract infections (bronchitis and’pneumonia), rcipir;*rory symptoms of 

\ 4 

^Irritation (cough, sputum, wheeze), and middle ear effusions (a sign of Chronic middle ear 
/ disease). Passive smoking in early childhood is also associated with reduced lung function in 
/ children of mothers who smoke and with a small reduction in the child’s rate of pulmonary 

growth and development. No conclusions are drawn regarding a potential association of t 
parental smoking with the child’s increased acute upper*re$piratory*tract illnesses (colds ind 
sore throats), an increased prevalence of asthma, or exacerbation of symptoms in asthmatic 


< f 

\ 


children. 


/ 
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^Thi.s report also estimates that approximately 3800 lung cancer deaths per year among 

nonsmokers (never*smokers and former smokers) of both sexes are attributable to ETS in the 

United States. This figure is an extension of the estimntoof 1750 (95% C,l. 910, 2660) for 

female never-smokers alone, an overall value calculated from all the epidemiologic studies on 

lung cancer and ETS, The f750 value and its confidence interval includes reasonable estimates 
♦ 

of exposure and risk for single female never-smokers. .Projection of the 1750 estimate to 3800 
for all nonsmokers of both sexes is based on reasonable estimates of exposure and risk for all 
\ever*smoking men and for former smokers of both sexes. No further quantitative estimates of 
ETS-relatcd health effects in adults or children are made. . *■ ' ‘ * 


\ 


1.1. • ETS AND LUNG CANCER 

The U.S. SG (1989) ‘estimates that smoking is responsible for more than one of every six 
deaths in the United States and that it accounted for 87% of the lung cancer deaths in males 

and 75% in females in 1985. Smokers, however, are not the only ones exposed to tobacco 

• * 

smoke. The sidestream smoke (SS) emitted from a smoldering cigarette between puffs (the 
main component of ETS) has been documented to contain many of the same carcinogenic 
compounds (known and suspected human and animal carcinogens) that have been identified in 
' the mainstream smoke (MS) inhaled by smokers. Exposure concentrations of these carcinogens 
' ro passive smokers are variable but much lower than for active smokers. An excess cancer risk 
from passive smoking, however, is still biologically plausible. (U.S. EP^guidelines [Fed. Reg., 

p* ’ • 

1986) assume that unless there is evidence to the contrary, any level of exposure to a carcinogen 
' carries a potential risk of cancer.) •• ,) 

Based on. the firmly established causal relationship of lung cancer with active smoking, the 
lung is considered to be the stamost likely affected by passive smoking The ubiquity of ETS ' 

' and its absorption by members of the general population have been well documented by air 
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4 

: ^ S 

■ sampling and by bioassays for nicotine and cotinine. This raises the question of whether any 
. direct evidence exists for the relationship between ETS exposure and lung^cancer in the general 
population and what its implications may be for public health, This document addresses that 
question by reviewing and analyzing the cumulative evidence from epidemiologic studies. These 
studies compare individuals with higher ETS exposures to those with lower exposures. Typically 
the study subjects are married* women who have never smo&d but are married to a smoker 
(higher exposure) and those married to a nonsmokir (lower exposure). Following the 
nomenclature of the literature, the higher and lower exposed persons are referred to as 

♦ "exposed* and "unexposed." Of course there is exposure to ETS from sources other than spousal 

f t 

smoking, collectively designated as "background" exposure, which applies "to the so-called # 

m t , ' 

unexposed as wed as the exposed Background exposure is taken into account in characterization 
of population risk (Chapter 4), but it is not required for the statistical assessment of the 
evidence of excess lung cancer risk from spousal smoking (Chapter 3). 

The epidemiologic evidence of a lung cancer hazard is statistically assessed by methods of 
meta-analysis to obtain overall results. The data and study results included apply to female 
married never-smokers. Several studies include male subjects, but the percentage of male never* 
smokers is relatively small and the data are scant by comparison. In'Some instances former 
smokers are included with never-smokers. All the E^S exposures are considered to be at true 
* v environmental levels. , % ’ 

Based on these analyses and following the U.S. EPA guidelines for carcinogen risk 
assessment (Fed. Reg, 1986), EPA concludes that environmental tobacco smoke is a Group A‘ 
(known human) carcinogen. This-conclusion is based on (a total weight of evidence, principally: 

• Biological plausibility. ETS is'taken up by the lungs and distributed throughout the 
body. The similarity of carcinogens identified in SS* and MS along with tire established 
causal relationship between lung cancer and smoking make it reasonable to suspect that, 

* ETS is also a lung carcinogen. ‘ * ... .. . s 
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• Consistency of response. The two completed cohort studies and sixteen of the 21 cate* 
control studies observed a higher risk of lung cancer among the female never-smokers 
classified ^exposed to.ETS. Evaluation of the total study evidence from several 
perspectives leads to the conclusion that the observed association between ETS 
exposure and increased lung cancer occurrence is not attributable to.chance. 

• v 

• Upward trend in dose-response. Of the two major cohort studies, the Japanese study 

• (Hirayama) demonstrates^ strong association between passive smoking and lung 
cancer, including an upward trend in dose-response. The upward trend is well 
supported by the preponderance of evidence in the 13 case-control studies that 

’ classified data by exposure level. The Hirayama’study has undergoneeextensive critical 
review that led to some corrections and revisions hut failed to discredit the tlndings. 
Differences in life-style and culture may be a factor in the Japanese-study reporting a 
stronger association between ETS and lung cancer than the American study (American 
Cancer Society). ‘ W ' > 

• Detectable association at’environmental exposure levels. Within the population of 

women who are lifelong nonsmokers, the excess lung cancer risk of those married to a 
smoker is large enough to be observed. Carcinogenic responses are usually detectable' 
only in high exposure circumstances, such as occupational settings or in highly.dosed 
experimental animals, t V' v - 

• Broad-based evidence. The 21 case-control and three prospective studies provide data 

• from eight different countries and from a wide variety of study designs and protocols 
conducted by manydifferent research teams. No alternative explanatory variables for 
the observed association between ETS and lung cancer have beea indicated Chat would 
be broadly applicable across studies. 

• Effects remain after adjustment for potential bias. Current and ex-smokers may be 
misreported as never-smokers, thus inflating the apparent cancer risk from ETS 
exposure. The evidence remains statistically conclusive, however, after adjustments for 
smoker misclassification. The summary estimate of relative risk from raw data of both 
the case<ontrol and cohort studies is 1.41 (95% Cl. 1.26, 1.57) before adjustment for 
misclassification and 1.28 (95% Cl. 1.12, 1.45) afterward (p < 0.01). 

/The individual risk of lung cancer from exposure to ETS does not have to be very large to 
translate into a significant health hazard to the US. population because of the large number of 
smokers and the ubiqoity of ETS. Current smokers comprise approximately 30% of the adult 
U.S. population and consume over one-half trillion cigarettes annually (1,5 packs per day. on 
average), causing nearly universal exposure to ETS. Ootinine, a metabolite of the tobacco- 
specific compound nicotine, is detectable in the blood, saliva, and urine of persons recently 
exposed to tobacco smoke. Cotiriine has typically been detected in 50% to 75% of reported 
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nonsmokers tested (50% equates to 62 million U.S, nonsmokers.of age 18 or above). The 
estimate of 3800 lung cancer deaths per year in nonsmokers attributable to E'fS is based on 
data from epidemiologic studies at actual environmental exposure levels. Some mathematical 
modeling is required to adjust for expected bias from self-reported misclassification of smoking 
status and to account for ETS exposure from sources other than spousal smoking. The approach 
however, does not rely on a mathematical model of dose-response or low dose extrapolation of 
observations obtained at extraordinarily high^exposure levels. 

The components of the 3800 figure include approximately 1750 female never-smokers, 800 
male never-smokers, and 1250 former smokers. The 800 value for miles is probably low based 
on information in the limited epidemiologic data for male never-smokers. Little is known about 
the lung cancer risk of ETS to former smokers. The estimate of 1250 former smokers is based 
on the assumption that the risk to former smokers is the same as the risk to never-smokers, 
which may be conservative from a biological perspective. If the estimate of 3800 total lung 
cancer deaths per year is recalculated using the lower (upper) confidence limit from study data 
on female never-smokers and the lower (upper) plausible value regarding population exposure 
to ETS, then a value of 1800 (6100) is obtained. It is unlikely that the number of lung cancer ’ 
deaths per year attributable to passive smoking by nonsmokers is below 1800 or above 6100. 

Other quantitative approaches to characterize population risk could hiWe been used. Dose- 
response assessments based on the cigarette-equivalents approach to relate the risk of passive 
smoking to active smoking are reviewed. Published variations of this general approach have 
typically used either cotinine concentrations or respirable suspended particulates as a surrogate 
measure of exposure to ETS. They typically ignore the epidemiologic data on ETS and lung 
cancer and follow the paradigm of low-dose extrapolation from a dose-response curve (a dose.- 
response curve for the'tyng cancer risk of active smokers in this case). Examples of the 
cigarette-equivalents approach provide additional estimatedof lung cancer risk that*, with the 
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exception clone tow value, range from a few hundred to over 4000 lung cancer deaths per year. 

Although this report prefers the more direct approach based on epidemiologic data to 

characterize the lung cancer risk, there are also potential benefits from a dose-response 

assessment. For example, a dose-response model would be useful for evaluating the 

effectiveness of abatement procedures and the risk from varied environmental conditions. 

Methods based on the cigarette-equivalents approach could benefit from improved 

% * 

understanding of the biokinetic similarities and differences between passive and active smoking 
that may affect extrapolation of risk from active-smoking to risk of passive smoking. A 
mathematical model relevant to that objective is developed as a basis for future study 
(Appendix C). Three additional quantitative methods for dose-response assessment of passive 
smoking, along the lines of the general cigarette-equivalents approach, are outlined with 
solicitation for comments and advice (Appendix D). 

1.2 ETS AND RESPIRATORY DISORDERS IN CHILDREN 

Exposure to ETS from parental smoking has been previously linked with incfeased 
respiratory disorders in children, particularly infants. Several studies have confirmed the 
exposure and uptake of ETS in children by assaying saliva, serum, or urine for cotinine. A 
recent study of 433 healthy neonates in central North Carolina found that 64% of them lived in' 
households with a smoker and that 15% of smoking mothers smoked near their infants. 

Cotinine concentrations were correlated with smoking (especially by the mvJfher) in the infant’s 
presence. Nine to twelve million American children under five years of age may be exposed to 
cigarette smoke in the home (American Academy of Pediatrics, 1986). 

With regard to the respiratory effects of passive smoking in children, this report focuses 
on the epidemiologic evidence appearing since the two major reports of 1986 (NRC and U.S. 
SG) tha't bears on the potential association of parental smoking with detrimental health effects 
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i i 1 

tn their children, These include symptoms of respiratory irritation (cough, sputum, or wheezed; 

acute diseases of the lower resfJTratory tract (pneumonia and bronchitis); indications of chronic . 

middle ear infections (predominantly middle ear effusions); reduced lung function (from forced 

expiratory volume and flow.rate measurements); prevalence of asthma; exacerbation of . 

# • 

symptoms in asthmatics; and acute upper-respirjtory-tract infections (colds and sore throats). 

The thirty or so recently published studies essentially corroborate the previous conclusions of 
the NRC and U.S. SG regarding respiratory symptoms, respiratory illnesses, and pulmonary 
function; strengthen support for those conclusions by the additional weight of evidence; and 
extend research in some directions. In particular, recent studies on middle ear effusion 
strengthens previous evidence to warrant the conclusion in this report of an association with 
parental smoking. Additional research also supports the hypothesis that early respiratory illness 
is associated with long-term pulmonary effects (reduced lung function and possibly increased risk 
of chronic obstructive lung disease). 

The NRC and U.S, SG reports conclude’that both the prevalence of respiratory symptoms 

and the incidence of respiratory infections are higher in the children of smoking parents. 

Estimates of the increased risk of wheezing vary from zero to over sixfold. In the seven studies 

t 

of respiratory symptoms subsequent to the two reports, increased cough was observed in a range 
of ages from birth to mid-teens. Recent studies also supplement the evidence for increased 
wheeze. Overall, the cumulative evidence supports the previous conclusion of the NRC and U.S. 

SG. Six of the studies subsequent to those reports have addressed the topic of parental smoking 
and respiratory illness in children, and atfhave reported statistically significant results. The 
cumulative evidence indicates strongly that parental, especially the mother's, smoking is 

1 b 

associated with increased incidence-oPrespiratory'illnesses in the first one-to-two years of life, 
particularly for bronchitis’ and pneumonia. Recent studies also solidify the evidence of a link 
between parental smoking and increased middle ear disease in young children. 
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, The U.S, SG and NRC reports both conclude that children of parents who smoke have 
small decreases in tests of pulmonary output function of both the larger and smaller air passages 
when compared with the children of nonsmokers. This conclusion is statistically supported, hut 
the topic^ils^TfS* difficult’to Study and to evaluate quantitatively because of the relatively large 
inter-individual variability in temporal patterns of lung growth and development. Family history 
may be an important factor as well. As noted in the NRC report, if ETS exposure is the cause 
of the observed decrease in Jung function, the effect could be due to the direct action of agents 
in ETS or an indirect consequence of increased occurrence of acute respiratory illness related to 
ETS. 

Study results on ETS and lungJunction in children that have appeared since those reports 
add some additional evidence supporting an association of ETS exposure with decreased lung ' 
function. Furthermore, this evidence adds support to the supposition (hat acute respiratory 
illness during childhood has a long-term effect on lung growth and development (suggesting an 
indirect association with ETS exposure, by virtue of its association with increased pneumonia 
and bronchitis in infants). Overall, the weight of evidence indicates that ETS exposure is 
associated with decreased lung function in childhood and with a small reduction in their rate of 
pulmonary growth and development. k 

This report concludes that the detrimentai respiratory effects described in children are 

associated with exposure to ETS, but a causal association has not been established. Causation is 

* 

biologically plausible, but other factors that cannot be fully assessed may be influencing the 
observed study data. One confounding variable, for example, is direct transmission of 
respiratory infections from smoking parents, who tend to have more infections than nonsmokers. 
Also, parental recall and the increased jncidence of respiratory symptoms in smoking parents 
may be contributing an upward bias to the response attributable to ETS exposure. Studies have , 
generally not controlled for in utero exposure to agents in tobacco smoke (Chen et al, WS8. is a 
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notable exception). Some studies that include children above the age of seven may also be 
upwardly biased by subjects' unr<fported experimentation with cigarette smoking. 

It is improbable, however, that sources of bias or copfounding factors account /or the 
/ 

totality of Study'findings on increased occurrence^ detrimental respiratory effects in children ot 
parents who smoke. The overall evidence of a health risk is based on numerous investigations 
that vary broadly in design and location, source of data, objective, protocol, and methods of ^ 
analysis. Most studies have*controlled for bias and potential confounding factors to the extent 
possible. The upward dose-response trends exhibited in several studies suggest that an 
alternative explanatory factor would have to be highly correlated with the level of ETS^exposure, 
e.g., the number of cigarettes smoked per day by the mother. In view of these considerations, 
the substantial epidemiologic evidence,.the serious health consequences of some of the observed 
effects, and the large number of children potentially at risk, it is prudent and reasonable to treat 
passive smoking as a risk factor for acute respiratory diseases and chronic obstructive puimomrv 
disorders in infants and young children. 
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’ INTRODUCTION 


Over 300,000 deaths per year from all causes of disease in tfie United States are 
attributable to cigarette smoking. Some 100,000 of these smoking-related deaths are from lung 
cancer, which is almost 90% of lung cancer cases from all causes (figures for 1985, U.S. SG, 

• s 

1989). Forty*three known or suspected carcinogens have been identified in tobacco smoke, most 

t 

of which are in both mainstream smoke (MS, produced during “puffs") and sidestream smoke 

(SS, from the cigarette tip between puffs). The relative distribution of carcinogens and other 

toxins differs between SS and MS, however, often with much larger total amounts (by weight) in 

the SS from a cigarette. More of the,cigarette tobacco is burned in the generation of SS than 

MS,‘on average, but a more significant factor is the less complete combustion of tobacco at the 

lower temperatures producing SS. Environmental tobacco smoke (ETS) to which a passive 

smoker is exposed principally consists of SS, usually in greatly diluted concentrations depending 

on the proximity to the source and related environmental conditions, e.g., ventilation. Aging 

also affects the composition of chemicals in ETS and their relative distribution between the ( 

* 

vapor and particulate phases. ' 

Passive and active smokers are exposed to many of the same carcinogen^ however, and 

active smoking has been firmly established as causally related to lung cancer. It Is biologically 

plausible that passive smoking is also causally related to lung cancer. Consequently, the 

epidemiologic studies available on lung cancer and ETS exposure are examined for detectable 

* 

evidence of increased lung cancer risk from passive smoking. It should be noted that it is 
extremely unusual when considering a low dose exposure to an agent known^to be carcinogenic 

j 

at higher doses to have as complete or as extensive a set of measures of exposure to the 
population at environmental levels; it is almost unprecedented to have epidemiologic evidence in 
as many different populations as is present for ETS. Nevertheless, statistical analysis of the 
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combined study results could be inconclusive. Statistical significance is evidence that an effect is 

nt a sufficiently high level to be detected with the data available; lack of significance only 
, 1 ✓ 

supports the conclusion that it is below a level that the data have adequately high power to 
detect with assurance. j 

* A first step is to gain some idea of the magnitude of exposure to ETS in the general population. 
Surrogate measures of ambient concentrations of ETS, such as respirable suspended particulates 
(RSP). have confirmed passive smokers’ exposure in real and simulated environments. 

i * 

Concentrations of cotinine, a tobacco-specific metabolite of nicotine measurable in blood, saliva, 

and urine, confirm the uptake and systemic distribution of nicotine from ETS in passive 

* • 

smokers. Positive cotinine concentrations in 50% to 75% of self-reported nonsmokers, including 
persons reporting no exposure to tobacco smoke in the detectable period (up to a few days, 
depending on the body fluid tested), demonstrate the ubiquity of ETS. Conservatively, over 100 
million U.S. adult nonsmokers are exposed to ETS at levels detectable in urinary cotinine assays. 

The first epidemiologic results associating passive smoking with lung cancer appeared in 
the early 1980s. The epidemiologic studies amassed quickly, along with interest in the results 
and controversy over issues and conclusions. At the request of two Federal Agencies, the U.S. 

j 

Environmental Protection Agency (Office of Air and Radiation) and the Department of Health 
and Human Services (Office of Smoking and Health), the National Research Council (NRC) 
formed a committee on passive smoking to evaluate the methods for assessing exposure to ETS 
and to review the literature on the health consequences of exposure. The committee’s report 
(NRC, 1986) addresses the issue of lung cancer risk in considerable detail, including summary • 
analyses of the evidence from ten case-control and three cohort (prospective) studies. It 
concludes that 'Considering the evidence as a whole, exposure to ETS increases the incidence of 
lung cancer in nonsmokerc.* 
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The NRC committee was particularly concerned with potential bias in study results from ' 
cuitent and former smokers incorrectly self-reported as lifelong nonsmokers (never-smokers). 
Und^r plausible assumptions for misreported smoking habits, it concludes that the true relative 
risk lick between 1.15 and 1.35, with J.25 the most likel/value. When these relative risks are 

also corrected for background exposure to ETS to make the risk relative to a baseline of zero 

\ * 

ETS exposure, the resultant estimate is 1.42, with a 'plausible" range of 1.24 to 1.61. (Technical 

Note: "Relative risk*" RR, is used somewhat generically throughout this report for technical ease . 

and because the name is descriptive of the intended measure. For 2-by-2 contingency tables of 

raw data from classifying exposed/unexposed against cancer/non-cancer, as analyzed in the 

* ^ * 

NRC report, the sample odds ratio is estimated in place of RR. These terms are discussed in 
standard texts of statistical methods for epidemiology. A good technical discussion with 
examples may be found in Agresti, 1990, Section 2.2.) 

Two other major reports on passive smoking*have appeared: the U.S. Surgeon beneral's 
report on the health consequences of passive smoking (U.S. SG, 1986), and the report on 

methods of analysis and exposure measurement related to passive smoking by the International 

, * 

Agency for Research on Cancer (IARC, 1987). The U.S, SG’s report concludes: 

The absence of a threshold for respiratory carcinogenesis in active smoking, the presence 
of the same carcinogens in mainstream and sidestream smoke, ^'demonstrated uptake of ' 
tobacco smoke constituents by involuntary smokers, and the demonstration of an increased 
lung cancer risk in some populations with exposures to ETS leads to the conclusion that 
involuntary smoking is a cause of lung cancer. 

The IARC committee emphasized issues related to the physicochemical properties of ETS. 
the toxicological basis for lung cancer, and methods of assessing and monitoring exposure to 
ETS. The report quotes the summary statement on passive smoking of a previous IARC 
working group that found the epidemiologic evidence available at that time (1985) compatible 
with either the presence or absence of Idng cancer risk. Based on other considerations related 
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to biological plausibility, however, it concludes that passive smoking gives rise to some risk of 

/V 

( cancer. Specifically, the report states: 

Knowledge of the nature of sidestream and mainstream smoke, of the materials absorhcd 
during "passive*"smoking, and of the quantitative relationships between dose and effect 
that are commonly observed from exposure to carcinogens, however, leads to the 
conclusion that passive smoking gives rise to some risk of cancer, 

. The Nummary analysis across epidemioMgic studies conducted by the NRC is extended in 

* ' / 4 
this report to include nine additional case-yontrol studies for which the raw data are available 

(for 19 from a total of 21 case-control studies). The committee’s approach to hazard 

’identification is further complemented by other statistical analysis across studies (meta-analysis) 

of results adjusted for potential confounding variables. The two major cohort studies (from 

Japan and the US.) are reviewed and compared. Their results are combined with those from 

the case-control studies to give an overall estimate of relative risk (Chapter 3). The population 

risk is then characterized by estimation of the annual number of lung cancer deaths among 

nonsmokers attributable to passive smoking (Chapter 4). 

Results from dose-response risk assessments of lung cancer and ETS are examined in^this 

report. The methods/endlo be variations on the "cigarette-equivalents* approach, the basis of 

which is extrapolation of lung cancer risk for passive smoking from a dose-response curve of 

active smoking. Although this approach makes use of the dose-response information previously 

obtained for active smoking, the information contained in the epidemiologic studies-iS not fully 

utilized. The cigarette-equivalents approach is limited by incomplete knowledge regarding the 

biological basis for comparing the carcinogenic potential of passive and active smukipg. A , 

mathematical model harbeen developed to aid the study of the biokinetic similarities and 

differences between passive and active smoking The model also serves to identify parameters 

I 

where information is currently lacking, 
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The conclusions of this report do not require i dose-respopse risk assessment, hut such a 

* / 

construct could be useful for evaluation of the effectiveness of abatement procedures and for 

★h/ 1 ^confirmation of population risk estimates from another perspective. Three alternative 

» 

approaches are described in this report (Appendix D), with solicitation of comments and advice 
The three alternatives include; (1) a relative potency approach in which the dose-equivalent 
potency of ETS relative to a positive control, such as benzo[a]pyrene (B(a]P), is established from 
animal lung implant studies. That relationship is then included with the relative cancer potency 
• of various polycyclic aromatic hydrocarbons (PAHs) and an existing inhalation dose-response 
model for B(a)P to establish a dose-response model for ETS; (2) a mixture approach based on a 
modification of the method in (1) and the relative concentrations of the known lung carcinogens 
in ETS; and (3) a direct approach using epidemiologic cohort studies on ETS. 

Acute health effects in children from household exposure to ETS is a second health- 
related concern examined in this report (Chapter 5). Epidemiologic evidence subsequent to the 
t .major NRC and U.S. SG reports of 1986 is summarized and compared with the conclusions of 

the two previous reports for respiratory sytnptoms, respiratory illness, and pulmonary function. 

1 ‘ 

Recent studies on related health concerns in children are also reviewed. These studies 

* 

f investigate the effects of parental smoking on prevalence of asthma, chronic middle ear diseases, 
and upper-respiratory-tract infection, and on the severity of conditions in asthmatics. Potential 
confounding factors and sources of bias that limit quantitative estimation of health'h.izards 
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3. EPIDEMIOLOGIC EVIDENCE OF LUNG CANCER 


FROM ENVIRONMENTAL TOBACCO SMOKE 


3.1. INTRODUCTION , 

1 The 21 ease-control studies currently available are listed in Table 3*1. The studies are 

\ . • 

denoted by the first few letters of the first author's name for easy reference. The NRC report 
(1986) reviews and analyzes ten of the studies shown in Table 3*1: AKIB, BUFF, CHAN, 


CORR, GARF, KABA, KOO, LEE, PERS, and TRIC. The study designated 


in 


table is excluded because the raw data were not available. (Raw data consist of the number of 

exposed and unexposed subjects among lung cancer cases and controls, where a subject is . 

«* 

typically classified as exposed to ETS if married to a smoker.) The NRC also excludes an 
earlier version of the KOO study and the.studies by Knoth et aL (1983), Miller (1984), and 
Sandler et al. (1985) for various reasons (NRC, 1986). Aside from WU, these studies are also 
omitted from this report. 

The U.S. SG’s report (1986) contains particularly good summary reviews of the studies 

available at that time. The studies are selectively described or compared in several sources as 

well (NRC, 1986; IARC, 1987; Balter et al., 1986; Blot and Fraumeni, 1986; Correa, 1986; 

Eriksen et al., 1988; Kutler et al., 1986; Rcpace and Lowrey, 1985; Riboli, 1987; Samet, 1988a,b; 

Saracci and Riboli, 1989; Weiss, 1986; Wells, 1988b; Uberla, 1987; and Varela, 1987). Appendix 

^contains summaries of the studies subsequent to the NRC report, two of which are 

" unpublished dissertations (LAMW and VARE). The other studies described in Appendix A 

include BROW, GAO, GENG, HUMB, INOU. LAMT, SHIM, SVEN, and WU. Tables 3-2, 3- 
« ’ ( ' 

3, and 3*4 display descriptive characteristics of all 21,case*control studies. 


05/17/90 


Source: https://www.industrydocum^nts.ucsf.edu/docs/gydl0000 


zs-Uhosznz 


DRAFT-DO NOT QUOTE OR CITE 


TABLE 3-1. CASE-CONTROL STUDIES OF ETS: CHARACTERISTICS 




Matched 

Final 

Includes an 


Study 

Location 

variable* 

sample 
matched 
for ETS 

adjusted 

statistical 

analysis 7 



AKIB 
(Akiba et 
ah, 1986) 

Japan 

(Hiroshima, 

Nagasaki) 

Age, sex, 
residence, 

RERF part- 
1 icipant 

4 

Yes 

No 

BROW 1 
‘(Brownson et 
aI M 1987) 

USA 

, (Colorado) 

Age, sex 

No 3 

Yes 

BUFF 
(Buffler et 
al M 1984) 

USA 

(Texas) 

Age, sex 

No* 

No 

CHAN 
(Chan and 

Fung. 1982) 

Hong Kong 

s Matched but 
variables 
unspecified 

No 1 

No 

; CORR 1 
(Correa et 
al„ 1983) 

‘ USA 
(Louisiana) 

Age (± 5). 
sex, race 

No 3 

No 

GAO 

(Gao et aU 

1987) 

China 

(Shanghai) 

’ . Age (+5) 

No 3 

Yes 

GARF 
(Garflnkel * 
et a!., 1985) 

USA 

Age (± 5) 

Yes 

Yes 

GENG 
(Geng et 
al., 1986) 

China 

(Tianjin) 

Age (±2). 
sex, race, 
marital 
status 

No 3 

\ 

No 

HUMB 
(Humble et 
al.. -1987) v 

USA 

(New Mexico) 

Age (± 10). 
sex, ethnicity 

No 3 

Yes 


(continued on following page) 
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TABLE 3-1. (continued) 


Study 

Location 

Matched' 
variables 

Final 
sample 
matched 
for ETS 

Includes an 
adjusted 
statistical 
analysis’ 

INOU 

' (Inouennd, 
Hirayama, 

ross) , 

Japan 

(Kanagawa, 

Miura) 

Age, year of 
death (± 2.5), 
district 

No 1 

1! 

ii 

• Yes 

1 

KABA 
(Rabat 
and Wynder, 
(1984) 

USA 

(New York) 

Age (±5), 
sex, race, 
hospital 

Yes 

No 

KOO 

(Koo et a!., 

1987) 

Hong Kong 

Age ( + 5), 

residence, 

housing 

No 1 

No 

LAMT 
(Lanj et at., 

1987) 

Hong Kong 

Age'(±5), 
residence 

No* 

4 

No 

LA MW 
(Lam, 1985) 

Hong Kong 

< 

Age, socio- 
, economic 
status, 
residence 3 

No 1 

Yes 

LEE 

(Lee et at., 

1986) 

England 

Age, sex, 
hospital 
location, 
time of 
interview 

NcA 1 

Yes 

PERS 
(Pershagen 
et a!., 1987) 

Sweden 

Age (±1), 
sex 

> Yes 

Yes 

i 

0 I 

SHIM 
(Shimizu et 
at., 1983) 

Japan 

(Nagoya) 

Age (£l). 
hospital, ad* 
mission date 

Yes 

, Yes 


(continued on following page) 
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TABLE 3-L (continued) 



Study 

Location 

Matched. 

variables 

SVEN 
(Svensson et 
al., 1983) % 

Sweden 

(Stockholm) 

Age 

TRIC 

(Trichopoulos 
et al M 1981) 

Greece 

(Athens) 

Age, socio¬ 
economic 
status* ■ 

VARE 

(Varela, 

1987) 

i . 

USA 

(New York) 

Age, sex, 
county, 
smoking ■ 
history 

\vu 

(Wu el al.. 

, USA 

* (Los Angeles) 

Age (±5). 
sex, race 


Final 
sample 
matched 
for ETS 

Includes an 
adjusted 
statistical 
analysis’ ' 



No 1 

Yes 

No 1 

No 

Yes 

Yes. 

No 1 

Yes 



1 Adenocarcinoma only. 

2 Not matched on smoking status (smoker/nonsmoker). 

5 Bronchoulveolar cancer excluded. 

4 Ongoing study modified for passive smoking with follow-up. 

5 'Similar" in age, SES, and residence. 

* "Similar" in age and SfS. 

7 Generally refers to (conditional) logistic regression and to 
stratification or standardization of variables in analysis. 

1 W.K. Lam is the author of LAMW and co-author of LAMT, a separate 
study. 
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TABLE 3-2, CASE-CONTROL STUDIES OF ETS: CHARACTERISTICS 


Percent 
proxy 
response 1 
Ca Co 


Female* 
a Co 


Source ’ 
of 

controls 


Number 

female 

controls 


(continued on following page) 


Percent , 
female 
controls 
Vxposed" 1 


AK.IB 

90 

88 

70.2 * 

35-95 * 

Atomic ‘ 

bomb 

survivors 

270 

' 70 

BROW 

69 

39 

663 

68.2 

Cancer 

cases 4 

47 

15 J 

BUFF 

82 

76 

■ 30-79 30-79 

Cancer 

cases* 

196 

84 

CHAN 

ft 

• 

• 

39-70 39-70 

Orthopaedic 

patients 

139 

47 

CORR 

1 

• 

’* 

• • 

Hospital 

patients* 

133 

46 

GAO 

0 

i» * 

35-69 35-69 

General 

population 

375 

74 

GARF 

• 

• 

>40 >40 

Cancer 

cases* 

402 • 

61 . 

GENG 

* 

• 

<65 

<65 ’ 

• 

93 

■!« 

t 

i 5 * 6 

. HUMB 

• 

• 

<85 

<85 

General 

population 

162 

INOU 

100 

100 

• • 

Cerebro¬ 

vascular 

disease 

(deaths) 

c> 

64 

• 

KABA 

• 

• 

61.6 

53.9 

Patients 1 * 

25 

60 

KOO 

• 

• 

• ■ 

-Healthy-' 1 

136 

49 
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Percent 

proxy 

response* 

Ca Co 


TABLE 3-2. (continued) 


: & . 

• FemaIe , 

Age , 

Ca, Co 


Source 

Of 

controls 


Number 

female 

controls 


Percent 

female 

controls 

"exposed** 


LAMT 

• 

« 

• 

•\ 

-Healthy" 11 • 

335 

45 

LA MW 

• 

• 

67.5 

66 

Hospitalized 

orthopedic 

patients 

144 

44 

LEE 


38 

35 . 74 * 35.74 

Patients 14 

* 66 

68' 

PERS 


• 

• M 

«• 

• 

• IT * 

347 

• 43 

SHIM 

• 

• 

59 58 

35-81 35-81 

Patients 11 

• 

• 

SVEN 

0 

0 

663 


General 

population 

174 

66 

TRIC 

• 

• 

62.8 

623 

Hospitalized 

orthopedic 

patients 

190 

43 

VARE 

33** 

33" 

67.1" 

68.1" 

New York 

State Dept, 
of Motor 
Vehicles 

218* 

* 

1 

WU 

• 

• 

<76 

<76 

Neighbor* 

hood li 

52 

63 


’Ca'and *Co* stand for "cask" and "controls*, respectively. 

Single values are the averacfc or median. Paired values are the 
range. 1 

Definition of 'exposed* diifcrs between studies. See TaWe 3-4 
and 3-5. 

Persons with cancers of bone marrow or colon in Colorado Control 
Cancer Registry, 

•Exposed* to ETS 4 or more hours/day, 

Populatiombased and decedent comparison subjects selected from 
state and federal records. 

Assorted ailments, 

Colo’fectal cancer 
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11 Diseases not related to smoking. 

11 Selected from a.healthy population. 

11 Living in neighborhood of matched case. 

11 Applies only to the 143 patients in the follow-up study. 

14 Excluding lung cancer, chronic bronchitis, ischemic heart 
disease, and stroke. 

15 No overall percentages given. 

14 Two control groups: 15*65 and 35*85 for both cases and controls 
in groups l and 2 respectively# 

17 Two control groups were randomly chosen from the cohort under 
study 

11 Patients in the same or adjacent wards with other diseases. 

» Includes males and females and long-term ex-smokers. 

* Includes 69 ex-smokers. 

• Data not available. 
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TABLE 3-3, CASE-CONTROL STUDIES OF ETS: SOURCES 






Childhood 


Others 
at home 

Away from 
home 

exposure from 
molher/father 


AKIB , X 
BROW X 
BUFF 
CHAN' 

CORR X 

GAO X 

GARF X. 

GENG X 
ftUMB ' X 

♦ 

INOU X 
KABA X 
KOO X 
LAMT X 
LA MW X 
LEE - X 

PERS X 
SHIM X 
SVEN X 
TRIC ^ X 


(continued on following page) 
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TABLE 3*3. (continued) 


1 Not stated. See footnote 1 of Table 3-4. 

3 Exposure to mother 1 * or father’s smoking Is presumed to mean in 
adulthood. 

1 Separate for workplace, travel, leisure. 

4 Separate for workplace and social circumstances. 






Adulthood 


Childhood 


Study 

SP9Uk(?) 

1 >1 

Others 
at home 

Away from 
home 

exposure from 
mothei/father 


VARE 

i 

X 

X 

T 

X‘ 

i ' .■ 


wu 

X 

X 

X 

X • 

.i ■ 
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TABLE 3 - 4 . CASE-CONTROL STUDIES OF ETS: MEASURE OF EXPOSURE 
5 TO ETS AND OTHER SUBSTANCES 


Total Total ’ Cooking/ Work/ 

years rigs. Other heating environ. 



(continued of following page) 
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TABLE 3-4. (continued) 


Study 


RTS exposure measures- . 
Cig./ Total Total 

day _years_cigs. 


Other 


- Related exposures 
Cooking/ , Work/ 
heating environ. 


TRIG 

VARE 

WU 


X 1 


person-yrs. 

X* 


Exposed/unexpo^ed determined from a single question, *Are you 
cx[>osed to the tobacco smoke of others at home or at work?* (Lam 
T.H. et al., 1987; Chan and Fung, 1979). 

Cig./day smoked by husband at home. 

Smoker at home defined as J>5 cig./day. 

Others include total hours of exposure and-mean hrs./day. 

A woman .was considered exposed to her husband's smqke if they had 
lived together continuously for at least one year. * * ' 

Exposure designated as 0 (unexposed), 1,2,3. 

Exposure is *yes" or 'no“ for each source. 

Exposed within the last 5 years. ^ 

Exposed if husband smoked. 




x 





f 



i 
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, These studies compare individuals with higher ETS exposures to those with tower exposures. '« 
•All of .them have made observations on never*Smoking married women. Those married to a smoker are 

* i * '■ 

assumed to be^at higher exposures than those not married to a smoker. These two groups are referred ' 

to as "exposed" and "unexposed", respectively, following the established terminology, Those terms refer 
*• S • . ‘ , 

to spousal ‘invoking only, however, and obscure the presence of other sources of ETS, collectively 

referred to^as "background* sources. Background exposure is taken into account in themext chapter , 

under characterization of the population risk, where it becomes necessary to think, of the upexposed 

classification'as referring to exposure from background sources only and tlje exposed classification'as • ' 

including both background and spousal,smoking., For the purpose of hazard identification in this 

•* S , * ' / 

chapter, background exposure does not explicitly enter into the discussion. The relative risk comparison • 
of exposed to unexposed individuals. However, is implicitly a comparison of "exposed’to both A 
background and spousal smoke" to *exposed ) .to background only 1 . 

Several differences in the case-control studies may be noted. 1Wunit of measure of ETS 
exposure (e.g., cig./cjay or total years of exposure) varies between studies/ A few studies include former 
smokers as nonsmokers if they have abstained from.tobacco’usage for some minimum period, # while 
others do not. Classification of £ subject as ETS-exposed depends on the questions asked, which differ 
across studies. The proportion of controls classified as exposed is shown by study in Figure 3-1. 

Exposure ;>ereehtages cover a range from 43% to 84%, a two-fold difference, with the BROW study is 
an od'tlief’at 15%. The referent populations are defined by a number, of parameters, such as whether 
the subjects were alive or dead and, if alive, whether or not they were hospitalized. Other general studs 
characteristics that vary relate to study design, protocol, interpretation, and analysis of data, potential 
confounding factors included in the matching and/or*data analysis, and confirmation of primary lung 
cancers. Study differences do not invalidate statistically testing the hypothesis that exposure to ETS is 
unrelated to lung^ancer occurrence. (Technical Note:' The Breslow-Day test for homogeneity of the 

^7* ■ r ’ ' 

odds ratio is not significant, p * 0.48.' [Breslow and Day, 1980]) ETS studies have primarily 
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BROW 

TRIC 

PERS 

CENG 

LAMW 
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W 
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FIGURE 3-1. PERCENTAGE OF CONTROLS EXPOSED TO, ETS BY STUDY, 
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considered exposure to married never-smoking women, generally classified as exposed or unexposed to 
ETS based on their spouse’s smoking status. Consequently, analysis in this report primarily focuses on 
the data tor females. Data on males is sparse by comparison, and there may be sex-related exposure 
differences to ETS (Cummings et al., 1986; Friedman et al. f 1983). 

The case-control studies are tested for an •association between ETS exposure and lung cancer 
from three perspectives. ' ■ . , 

1) Raw data are available for \9 of the 21 studies in Table 3*5’. Three statistical tests are 

r applied to these data to test for an association between ETS exposure and lung cancer , 

• occurrence. 

2) Eleven studies provide results of statistical analyses that adjust for covariables, e.g., age, 

duration of spousal smoking, etc. Statistical modeling, such as logistic ^egression, or 
stratification on variables are two general approaches. The estimated relative rifts and 
confidence intervals from these methods arc used in two statistical tests of the combined 
evidence from the eleven studies. „ ’ 

3) Fourteen case*control studies contain crude classifications of exposure to ETS suitable for 
evaluating whither.there is an upward trend in lung cancer occurrence as ETS exposure l 
increases. TTiese 'dose-response - data from the studies are plotted for comparison. 

This statistical testing is in the next three sections (Sections 3.2-3.4). It is followed by a discussion of 

potential sources of bias in the case-control studies (Sixtion 3-5). The two major cohort studies are 

then described and compared (Sections 3.6 and 3.7), followed by the summary and conclusions of this ' 

chapter. 

3.2. META-ANALYSIS OF CASE-CONTROL STUDIES FROM RAW DATA 

\ 

The statistical power to detect a small but meaningful increase in lung cancer risk from a 
single case-control study is often small, but it can be,improved by analyzing the total evidence from all 
studies simultaneously (meta-analysiL). The NRC (1986) followed the lead of ^committee member, 
(Wald, 1986) who estimated an overall relative risk across all-studies by the statistical method in Yusuf 
et al (1985). Blot and Fraumeni (19S6) and Wells (1988b) achieved the same objective using the 
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TABLE 3-5. CASE-CONTROL STUDIES: ’UNEXPOSED’ VJ. ’EXPOSED' 
FROM RAW DATA 


Female 

(cig./day) 

Male 

(cig./day) 

BROW 1 

Female 

Male 

(hrs./day) 


Female 

(tot. 

yrs.) 


CHAN 

Female 

* CORR 
Female* 


Exposure 

No. 

cases 

No. 

controls 

RR 1 

Cl, 1 

0 

21 

82 

1.52 

(0.88.2.63) 

*>.1 

73 

188 

l- 5 

(1.0.2.5)* 

0 

16 

101 


• 

>\ 

3 

19 

.1.8 

..(0.5,5.6) 

unexposed 

15 

40 

1 J2 

(0.39,5.99) 

exposed 4 

4 

7 

1.5 


0-3 

2 

11 



i 2.4 

2 

8 

1.38 


un ex posed 

8 

32 

0.81 

(0.34,1.90) 

exposed 11 

33 

164 

0.8 

(0.3,1.8) 

- unexposed 

6 

34 



exposed 11 

5 

56 

05 

(0.2,1.7) 

unexposed 

50 

73 

0.75 

(0.43,130) 

exposed 3 

34 . 

66 

0.8 

(0.4,1.3) 

0 

8 

72 

2.07 

*= - r - 

J/0.82,5.25) 

>.1 

14 

61 

2.07 

‘(0.8.5.0) 

0 

6 

154 


’ 'r L > 

2.1 * 

2 

26 

2.0 

V 

4 


(continued on following page) 


S' P' f 


1.48 0.07 


0.61 0.27 


•0.49 0.69 


• 1.02 0.85 


/ 1.52 
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TABLE 3*5. (continued) 



3-16 





Source: https://www.industrydoci . ents.ucsf,edu/docs/gydlOOOO 


2029047589 








CCT <3r 



DRAFT-DO NOT QUOTE OR CITE 


TABLE .T3. (continued) 


Study 

Exposure, 

No. 

cases 

No. 

controls 

RR» 

C!. 1 

* S' 

p'. 

LAMT 








Female 

0 

84 

183 

1.65 

(1.16,235) 

2.77 

0.003 

(cig./day) 

>.1 

115 

152 

1.65 

(1.16,2.16) 



LA MW 





1 



Female 

unexposed 

23 

80 

2,01 

(1.09^3.71) 

234 

0.01 


exposed 11 

37 

64 

2.01 




LEE 








Female 

unexposed' 1 

10 

21 

1j03 

(0.41,2.55) 

0.05 

0.48 . 


exposed'* 

22 

45 

1 .00* 

(0.37,2.71)* 



Male 

unexposed' 1 

7 

16 





* 

exposed' 5 

8 

14 

130 

(038,4.42) . 



PERS 




* 




Female 

unexposed 15 

34* 

197 

138* 

(0.763.15) 

0.91 

0.18 


exposed 1 * 

33 

150 

1.28* 

(0.75.2.15) 



SVEN 







- 

Female 

unexposed 

10 

60 

136 

(0373.82) 

037 

038 


exposed'* 

24 

114 





TR1C 



P 





Female 

0 

24 

109 . 

2.13 

(1.193.H3) 

235 

0.005 

(cig./day) 

>.1 

38 

81 





WU 1 ’ \ 



* 





Female 

unexposed 

9. 

22 

1.41 

(0343.67) 

0.70 

034 

. 

exposed* 

19 

33 

1.2 
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Footpotes for Table 3*5. 

1 Values of RR, C.I., S. and P, on the first row of an entry (boldface) are our calculations 
• for Mantel-Haenszel odds ratio. Values in the second row are from the study. S is the 

. square root of the Mantel-Haenszel statistic with sign of (-) if R< 1 and ( + ) if R> 1 . P t 
is one-tailed significance value from normal tables, and equals one-half the corresponding 
two-sided p-value for the M-H chi- squared statistic. Confidence intervals are 95% unless 
noted otherwise. 

2 90% Cl. 

Data communicated from R.C. Brownson. 

4 ' Exposed if husband smoked. 

5 Exposure based on single question, "Are you exposed to the tobacco smoke of others at 
home or at work?" (Lam et al. t /1987; Chan et al„ 1979). , 

4 Data partially from Table 12-4, NRC (1986). s 

7 . Cigar or pipe smoking by husband while at home is included in category of >.1 cig./day. 

I Data communicated from C.G, Humble. Eight (total) cases were observed in males, so a 

separate odds ratio for males alone was not reported in the study. k ; 

♦ Raw data were calculated from information given in the reference to INOU by A. Judson 

Wells. , \ 

1# Based on spouse’s current or past smoking habits. • 1 

u Exposed if husband ever smoked in presence of spouse, 

12 Only the controls in the follow-up 'study. 
u Exposed if husband ever smoked during marriage. 

14 Standardized for age. 

15 Data for controls from Saracci and ftiboli (1989). 

14 No measure of exposure given. ' 

17 Raw data were calculated from information in Table 11 of the Surgeon General’s report 
(U.S. SG, 1986, p. 99) by A. Judson Wells. 

II Any current household member who smokes regularly. 






t 
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Mantcl-Hnenszel (M-H) method (Mnntcl and Haenszel, 1959; Mantel, 1963), a standard 


approach for the combination of information from’2-by-2 contingency tables. (Wells included 


adjusted analyses when available, lining the raw data to calculate weights.) The two methods are 


basically equivalent, In this report, the M-H method is applied to the raw data for females in 


the case-control studies shown in Table 3-5. 


The M-H estimate of relative risk (odds ratio) and its associated confidence internal are 


shown in boldface type in Table 3-5 for females of each case-control study where the raw data 


are available (SftIM and VARE are excluded). Each study's own relative risk estimate and 


confidence interval are also displayed when available. The M-H estimate of the overall RR for 


females is 1.42 (95% C.I. 1.24, 1.63) for 19 case-control studies. (All confidence intervals 


hereafter are 95% if not indicated otherwise.) The corresponding value in the NRC report for 


females of 10 case-control studies and 3 cohort studies is 132 (1.16, 131). The NRC reports 


1.62 (0.99, 2.64) for males. Wells (1988b) obtained an overall relative risk estimate of 1.44 (1.26. 


1.66) for females from 14 case-control studies and three cohort studies. Wells’ higher estimate 


may be due in part to his exclusion of the CHAN study, the first and probably least 


sophisticated of the four Hong Kong studies (CHAN, LAMW, KOO, and L4MT). It also 


produced, the lowest relative risk estimate in Table 3-5, namely 0.75 (0.43, 1.33). 


A statistic referred to as "S" is included in Table 3-5. (Technical Note: S*is the 


square-root of the M-H chi-squared statistic with the sign V if the odds ratio exceeds 1 and 


the sign *-* if otherwise. Equivalently, it is the estimated log-odds ratio [ln(RR)J divided by its 


estimated standard error. The estimator S is approximately normally distributed with mean zero 


under the null hypothesis that'the true relative risk equals one [Woolf, 1955].) .The values of P, 


in Tabfe 3-5 are the one-tailed significahce levels of S for testing the null hypothesis that ETS 


exposure is unrelated to lung cancer occurrence, The rank brdercd^values of S are displayed in 


Figure 3-2. 
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********** 


S Statistic 


- 0.49 


- 1.00 


******** 


******** 


************ 


************* 


************* 


************* 




************* 




******* 


******* 


1.29 * 


S Statistic 


FIGURE 3-2. ORDERED VALUES OF THE S STATISTIC FROM RAW 
DATA OF STUDIES IN TABLE 3-5 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/gydl0000 


2029047593 








DRAFT-DO NOT QUOTE OR CITE 


Three statistical tests ire conducted of the null hypothesis, The extended M*H 
chi-squared test statistic is significant at p < 0.001 based on the combined evidence from the 
raw data shown in Table 3*5. The WUcoxon sign-ranked test (Hollander and Wolfe, 1973) 
applied to the values of S in Table 3-5 also is significant at p < 0.001. (Technical Note: The 
signed-rank test requires the test statistic for each study to be symmetrically distributed about 
zero under the null hypothesis. Since S is approximately normally distributed with mean zero, 

* t 

that assumption is appropriate here.) If the null hypothesis is true, then the four studies with p, 
£ 0,05 are making a Type I error (false positive). The chance of that many Typt I errors in 19 
independent studies is 0.013. The predominance of small values of p,* in general* is informative. 
Over half of the 19 p ( values are 0.1 or less, an outcome that would occur with probability less 
than 0.001 If^the null hypothesis is true. All of the tests based on the raw data are statistically 
significant. \ 


33. META-ANALYSIS OF CASE-CONTROL STUDIES THAT INCLUDE 
'AN ADJUSTED STATISTICAL ANALYSIS 

i 

An adjusted analysis is generally preferable to an analysis of the raw data, even when the 
data are matched (Schlesselman, 1982). The two studies for which the raw data are unavailable 
do include results of an adjusted analysis (SHIM, VARE). Table 3-1 identifies the studies with 
results adjusted for other variables. Some authors have not included complete details, so the 
choice of studies for inclusion in this section may be subjective. In eleven reports, the relative 
risk and confidence interval are given for two or more levels of exposure, e.g., 1 to 20, 21 to 40, 
or 41+ cig./day smoked by the spouse. The RR and confidence interval at a high exposure in 
these studies were generally selected for inclusion in Table 3-6, but v*th some exceptions. For 
example, the highest exposure category in VARE is so extreme (80+ cig./day) that it contains 
very little data. In this instance, the response for smoking 20 cig./day as predicted from the 
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logistic regression model fitted to «U the dull is given in Table 3-6, The table entry for GARF 

is also from an adjusted analysis for a spouse smoking 20 cig./day. Two studies that provide a 

0 ,r 

relative risk without an associated confidence interval {LAMW and SHIM) are disposed in 
Table 3-6 for completeness, although they cannot be included in the summary analysis. 

• The RR and confidence intervals in Table 3-6 are the study authors’ conclusions that 
depend on their methods of analysis. To combine the results across studies, the statistic S was 
calculated from the RR and^c/nfidence interval for each study, (Technical Note: It is assumed 
that In(RR) is approximately normally distributed. S equals ln(RR) divided by its estimated 

i. 

• standard error, as calculated from the confidence interval reported.) The values of S are 
displayedln Table 3-6 and plotted in Figure 3-3. Five of the studies had significant values of S 
(p < 0.05). The probability of observing five or more Type I errors in 11 independent studies is 
less than 0.001. Thus, it is highly unlikely that so many significant test results would be observed 
if there were, in fact, no association between ETS exposure and lung cancer incidence. 

(Technical Note: No multiple comparison adjustment is necessary because the choice of a single 

exposure level is made without regard to statistical significance. Test results reported at 

1 

exposurelcvcLs other than the one used are not relevant and no adjustment for multiple 
comparisons is needed.) 

The Wilcoxon signed-rank test was also appliedjo the S statistics of Table 3-6, as 
conducted previously with the raw data, to provide another statistical test of the nuU hypothesis. 
The outcome is significant" (p ■ 0.014). In this test the magnitude of the evidence from each 
study is a factor. Both statistical tests indicate that the cumulative evidence that lung cancer is 

A, 

related to ETS exposure would be very unlikely to occur by chance alone. “ - 


* 
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TABLE 3-6. CASE-CONTROL STUDIES: "UNEXPOSED" VS. "EXPOSED' 
FEMALES FROM ADJUSTED STATISTICAL ANALYSES 


Study 

Exposure 

RR 

95% C.I. 

S 

p. 

BROW . 

£3 vs. >4 (hrs./day) 

4* 

1.68 

(0.39,2.97) 

i 

1.78 

0.04 

GAO 

0-19 vs. >40 (yrs. with 
smoking husband) 

1.7 

(1.6,2.9) 

, K95 

0.03 ‘ 

oarf’ 

0 vs. 20 (cig./day) 

1.70 

(0.98,2.94) 

1.90 

6.03 

HUMB* 

0 vs, >.21 (cig./day) 

\2 

(0.26,5.5) 

0.23 

, 0.41 .. 

inou; 

<4 vs. >*20(cig./day) 

3.09 

(1.04,11.81) 

1.65 • 

0.05 

KOO 

0 vs. >. 21 (cig./day) 

1.19 

(0.46,3.03) 

0.36 

. 0.36 

LAMW U 

Exposed by husband 

i 

_ 2.64 

• 

• J 

• 

LEE 5 

/ 

Exposed by husband 

1.00 

1 

(0J7.2.71) 

0.00 

0.50 . 

PERS' 

0 vs. >. 16{cig./day) 

2.40 

(0.6,8.7) 

1.33 

0.09 

SHIM 7 

Exposed by husband 

U 

• 

• 

• 

SVEN 

Exposed in both child¬ 
hood and adulthood vs. 
exposed in neither 

1.9 

(0.23.7) 

1.89 

.0,03 

VARE* 

, 0 vs, 20 (cig./day) 

0.94 

(0.76, 1.17) 

-0.54 

0.70 

wo 

Exposed by husband 

\2 

(0.6,2.5) * 

0.49 

0.31 


‘/'See footnotes 15-17 of Tabic 3*2. • ' 

1 Higher RR values associated w(th adult exposure to smoking by mother or by" 
father's huxhand Insufficient information to calculate the S statistic. 

5 No units of exposure. RR ■ 2.6-4 with p-0,02, and RR» 1 61 with p*O.I9, for 
peripheral and central lung adenocarcinoma, respectively. 

4 FromTaWe 4 of.Varela, 1987. 

5 See footnotes 12*1-4 of Table 3-5. 

* Discussed in Humble et al. (1987) following Table 4, with 90% confidence . 
interval of (0.3,4 4). « ( . 

7 The authors assume that husbands who smoke less than five cig./day do not smoke* 
at home. _ ' 
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3.4. EVIDENCE OF DOSE-RESPONSE IN CASE-CONTROL STUDIES WITH MORE 
THAN ONE EXPOSURE LEVEL 

. Data for studies that report relative risk (RRy^levels of exposure are given irt Table 3-7, 

along with the results of statistical teats for trends when available. The RRs are plotted against 

exposure and shown in Figure 3-4. Both adjusted and unadjusted estimates of RR are 

presented, as data permit. Some observations are apparent from the plots. ''For example, the 
/ * 

estimated RRs increase in seven studies; AKIB, CORR, GAO, GENG, INOU, PERS, and 
TRIC; decrease slightly in one case: LEE; and are variable in the remaining five plots: GARF, 
HUMB, KOO, UMT, and VARE. 

If RR is independent of ETS, then the predicted RR at the highest exposure level is less 

than one with probability at least one-half. (Technical Note: If the distribution of the observed 

RR under the null hypothesis is symmetric, then the value is one-half. The distribution depends 

on the statistical method used in a study. All appear to bo skewed to the right, judging from the 

confidence intervals. For a right-skewed distribution, the median is less than the mean. Thus, 

the probability of values greater than one exceeds one-half.) The observed RR at the highest 
* 

exposure level is less than one in only two of the 13 studies above. The probability of two or. 
fewer such occurrences by chance alone is approximately 0.011 It can be concluded, therefore, 
that the plots for trend are consistent with conclusions of the previous statistical tests conducted 
on the case-control studies, i.e M that the observed association between exposure to ETS and 
increased occurrence of lung cancer deaths is statistically significant. 
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V 

TABLE 3-7, CASE-CONTROL STUDIES: EXPOSURE RESPONSE 
TRENDS FOR FEMALES 


P-Trend_Unadjusted_Adjusted 


Study 

Exposure 

RR 

, CM 

AKIB 


1.0 


(cig./day) 

1-19 

u 

(0.7,2.3)’ 


20-29 

1.5 

(0.8,T8)*” 

* 

>30 

2.1 

(ptf-sy 

,CORR 

0 

1.0 / 

/ 

(pack-yrs.) 

HO 

1.18 

• 


>41 

3.52 

• 

GAO 

0-19 

• 1.0 


(tot.yrs.)* 

20-29 

u 

(0.7,1.8) 


{ 30-39 

1J 

(0.8,2.1) 


>.40 . 

- l -? 

(1.0,2.9) 



A 

- 

GARF 

0 

1.0 

A 

(cig./day) 

1-9 , 

1.15 

(0.8,1.6) 


10-19 

1.08 

(0.8,li) 


->.20 

2.11 

(1.1,4.0) 

GENG 

0 

,•1.0 


(cig./day) 

1-9 

1.40 

(1.1,1.8) 


10-19 

1.97 

(1.4,2.7) 

■s 

>.20 

176 

(1.9,4.1) 

HUMB 

0 

1.0 

* 


1-20 

1.8 

(0.6,5 .6Y 


>21 

1.2 

(0.3,51)* 

INOU 

0-4 

1.0 


(cig./day) 

^ 5-19 • 

2.58 

(0.4,5.7)* 


>.20 

3.09 

(1.0,11.8)* 

KOO 

0 

’1.0 


• (cig./day)* 

M0 

133 

(0.9,5.9) 

* 

11-20 

*1.74 

(0.8,3.8) 


>2! 

1.19 u 

(0.5,3.0) 


0.06 


"X • 


<0.025 


r 


< 0.05 


(continued on following page) 
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TABLE 3*7, (continued) . 


Study 

Exposure 

RR 

C.I. 1 

P-Trend 

Unadjusted 

Adjusted ‘ | 

LAMP 

0 

1.0 


.<0.01 

X 

' 

(cig./day) 

MO 

2.18 

(1.14.4.15) 





11-20 

1.85 

(1,19,2.87) 

. 

, ■! 



>.21 

2.07 

(1.07,4.03) 

i 

1 


LEE* 

0 

1.0 * 


• 


X* y 


Low 

0.92 

• 





High 

0,81 

• 




PERS’ 

0 

1.0 


• 

X* 


(cig./day) 

1*15 

1.8 

(0.6^3) 


11 

\ 



>.16 ' 

6.4 

(1.134.7) 




TRIC 

0 

1.0 


• 

X 


(cig./day) • 

1*20 

1.95 

* 

.. . 




, >2\ 

2.55 

• 




VARE" 

0 

1.0 

. 

• 


X 

(cig/day) 

1*20 

' 0.79 

(0.6,1.1) 





21*40 

0*91 

(0.6,1.3) 





41*60 

1.23 

(0.6.2.4) 





61*80 

0.42 

(0.1,23) 





80 + 

2.86 

(0.3, 27.7) 


♦ 


WU" 

0 

1.0 


• 


X 

(yrs. 

- 1-30 

1.2 

• 

, 



exposed 

>.31 

2.0 

• 




as adult) 


- * 


• 




Confidence intervals are 95% unless noted otlj^rwise. 

90% confidence interval. 

Years lived with a smoking husband. 

. Cig./day smoked by husband. ■ 

All histologies. . > 

Exposure at home only. Standardized for age. spouse smoking, and whether 
currently married. 

Small ceU carcinoma only. Observed “risk was lower for other histologies 
combined. 

Stratified analyses and conditional (logistic) regression produced consistent 
results, 

Data from Trichopoulos et al. (1983), 

From Table 2 of Varela (1987) for spouse smoking, presumably including males. 
Adenocarcinomas only. 
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FIGURE .V4. PLOTS OF RELATIVE RISK AGAINST EXPOSURE 
FOR STUDIES IN TABLE 3-7 
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3.5. BASIC ISSUES IN POTENTIAL BIAS FROM MISCLASSIFICATION 


IN CASE-CONTROL STUDIES 


Bias, particularly misclassincation of subjects by smoking status, is not limited to case- 


control studies. Quantitative adjustment of the pverall observed RR for possible misreporting of 


smoking habits is addressed in detail in Section 4.4,1 


Estimation bias is due to study design, protocol, or method of analysis that apriori makes 


the expected outcome too large (positive bias) or too small (negative bias). Although sample 

V 

size and dispersion contribute to outcome variability* neither repeated sampling nor increasing 
the sample size will affect bias. In either case, the estimate (on average) simply becomes 
arbitrarily close to the unknown value of interest, i.e^ the true RR plus the bias.. In practice. 


each case-control study has its own bias. If bias is largely random over a set of studies, some 


averaging effect toward zero would be expected. If there is a consistent source of bias in studies, 


however, sometimes referred to as 'systematic bias,' then it cannot be expected to disappear as 


the number of studies increases. 


Ever-smokers (former and current smokers) are more likely to incorrectly report 


themselves as ncver-smokers (NS) than the reverse. A smoker is more likely than a nonsmoker 


to marry a smoker, so these misclassified ever-smokers (ES) are more likely to be exposed to 


ETS than true NS. Among lung cancer cases in a study (all of whom are reported NS), those 


who are actually former smokers (FS) or current smokers (CS) are disproportionately classified 


as exposed to ETS (assuming that the smoking habit of the spouse is not misreportcd as well). 


These cancer cases classified as exposed to ETS may have been at higher risk for lung cancer 
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because of a history of smoking, not just because of exposure to ETS, Hence, a lung cancer 
effect from active smoking may be contaminating the evaluation of the risk of passive smoking. 
Misreporting among controls tends to overstate the percentage classified as exposed to ETS, due 
to the concordance of smoking habits in married couples. This artificially elevates the exposed 
percentage in controls relative to cases, so it contributes to underestimation of risk (ot 1 bias in 
the negative direction). » 

Subjects classified as unexposed are rarely 'truly unexposed*-as supported by data on 
measurements of cotinine, The NRC report takes this ^background* exposure into account in 
adjusting an overall relative risk for a 'net* bias. Recent survey results of Cummings et al. 
(1989b) provide additional evidence of background exposure in NS. Detectable levels of 
cotinine were found in 132 of 162 (81%) of the nonsmokers who reported no exposure in the 
four days preceding the interview. A mean urinary cotinine level of 8.8 ng/mLwas found among 
nonsmokers. Although the study is based on self-selected volunteers, the authors note that the 
results are consistent with reports from other studies. Cummings and colleagues conclude that 
exposure to ETS is extremely prevalent, even among those not living with a smoker. 

The overall estimate of RR in the NRC report places the excess risk of lung cancer 
associated with spousal smoking at about 34%. An adjustment for possible misclassifkation of 
the never-smoker status reduces the value to 25%. A second adjustment to make the risk 
relative to a truly unexposed subject, i.e., to take into account a background level of exposure, 
raises the increased risk to 42%. Consequently, the net adjustment for bias is upwards. The 

reports of the U.S. SG (1986) and IARC (198.7) do not adjust their overall risk estimate for 

* < 9 

possible bias. 

Potential sources of bias have been given considerable attention in the literature, often 

/ ■ ~~ ^ 

with an emphasis on the potential for positive bias (over-estimation of relative risk in this case). 
The following discussion is not complete, but it raises some of the more prominent issues on this 
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conceivably create negative bias as well. Of greatest concern, of course, has been the potential 
for bias from misreported classification of smoking status, l.e., C$ or FS reported as NS, 
The^iagnosis of lung cancer in cases may be a source of bias, e.g., a*cancer that 
originated at another primary site and then metastatised in the lung may be incorrectly 
diagnosed as a primary cancer of the lung (Samet, 1988b). As an exampleyGarfinkel et al. 
(1985) report that about 12% of lung cancer patients identified through hospital records were * 
reclassified after histological review. Some studies addressed this issue by including only 
pathologically confirmed lung cancers or by considering histological cell type in their analyses 
(e.g., CORR, GARF, PERS, and others). 

Bias due to a proxy respondent in place of the subject has also been raised as art issue by 
Mantel (1987b) and by Kilpatrick (1987), with evidence from two studies. As reported in Eriksen 
et al. (1988), respondent bias can be a source of bias in either direction (Sackett, 1979). In 
general the information provided by surrogates has been comparable to that provided by the • 
individuals themselves (Blot et al„ 1985). The recent study by Cummings et al. (1989a) of the 
passive smoking histories of 380 NS further supports that conclusion. They report substantial 
agreement between subjects and surrogates on most exposure measures. 

;> Vandenbroucke (1988) and Mantel (1987a) have questioned whether there may be a ( 
publication bias, i.e., whether studies with non-significant results are less likely to be published. 
Vandenbroucke constructed a quantitative approach but found publication bias only for the 
studies on men. Wells (1988a) reviewed the subject and found it unlikely that publication bias 
has any substantia! effect on the RRs that have been calculated from published reports for 

passive smoking for either men or women. 

1 
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3.6. COHORT STUDIES: BACKGROUND , 

/ * fl , 

The three cohort studies that have been conducted are: Garfinket (1981); Gillis et al. 

* 

(1984), which was recentty updated by Hole et a!., (1989); and Hirayama (1981a, 1984); 
abbreviated as GARF(Coh), GlLL(Coh), and HIRA(Coh), respectively. (The *Coh" In 
parentheses means a cohort study,) The three studies are included in most of the references 
cited for summary descriptions and comparisons of case-control studies in Section 3.1. The U,S. 
SG’s report (1986) sketches the basic features of the cohort studies and the salient topics of 
controversy and discussion that appeared in the literature. The Scottish study, GlLL(Coh), 
which observed only a very small number of lung cancer deaths (6 men f nd 8 women), U 
included in the risk assessment in the next chapter but is pot discussed further in this section. 
Unlike the case-control studies, several of which have appeared since the NRC, IARC, 
and U.S. SG reports of 1986 and 1987, the two major cohort studies, GARF(Coh) and 
HIRA(Coh), first appeared in 1981. Consequently, most of the issues regarding these two 
studies and their somewhat dissimilar results surfaced well before the three major reports were 
prepared. Critical scrutiny of the Hirayama study had already appeared and had been 
adequately addressed by Hirayama, as described in the U.S! SG and NRC reports. Judging from 

r. 

the roundtable discussion at the symposium ’Medical Perspectives on Passive Smoking" 

(Lehnert, 1984), previous challenges to Hirayama’s work regarding data analysis and other 
issues appear to hive been resolved, aside perhaps from the issue of misreported smoking 
habits. Even one of the strongest critics of epidemiologic findings (P.N, Lee) offered a qualified 
acceptance of the strength of the statistical evidence in the Hirayama study: 'It is... clear in Dr. 
Htrayama's data that if one takes the, age of the husband or wife into account and does the 
analysis correctly; there is a statistically significant association in lung cancer risk, but the 
significance is not nearly as marked as in the incorrect analysis." 
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, » / 

In contrast, the study by Garfmkel and colleagues at the American Cancer Society (ACS) 

has undergone much less questioning and critical examination, although the problems 

experienced in conducting the study and the potential for error in the results have hot-gone 

unnoticed. The difference in outcomes in HIRA(Coh) and GARF(Coh) has been a source of * 
i • * * . ' ’ 

concern to many, but to our knowledge.no one has cbnducted a statistical review of GARF(Coh' 

or compared the statistical methodology in the two studies. Those topics are addressed in the 

* 

following section. * 


/ . 


3.7. SOME COMPARATIVE ASPECTS OF THE TWO MAJOR COHORT STUDIES: 

HlRA(Coh) AND GARF(Coh) 

3.7.1. Overview 

An increase in risk of lung cancer from ETS was observed in both cohort studies, with 

‘statistical significance (p < 0.05) achieved in HIRA(Coh) but not In GARF(Coh). In the formei 

study, the observed risk increases as spousal smoking increases (a ’dose-response", relationship 

that would be expected if passive smoking is causally related to lung cancer). Data from the 

American study, however, estimate a higher risk at the lower of two exposure categories (spouse 

smokes < 20 cig./day) than at the higher one (spouse smokes 20+ cig./day), Some'researchers 

have interpreted this outcome as evidence that there is not a "dose-response* relationship in the 

American study, or more strongly, that the results demonstrate that there js no increased risk of 

\ 

S V 

lung cancer from ETS exposure. The statistical evidence supporting an association l*±tween 
lung cancer incidence and ETS exposure in GARF(eoh) is inconclusive-it is consistent with 
either the presence or absence of a true dose-response relationship. This conclusion follows 
from the 95% confidence intervals for the lung cancer mortality ratio at the low (< 20 cig./day) 
and high (20+ cig./day) exposures, equal to (0.85, 1.89) and (0.77, 1.61), respectively. These 
confidence intervals are consistent with a wide range of possibilities. For example, 1.0 
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(corresponding (o no increase in lung cancer mortality) is in both confidence intervals, but so 
are values corresponding to a substantial dose-response relationship, e.g* 1*25 and liO at the 
low and high expo>ures, respectively, ' 

In the following section, the Japaneseostudy (HlRA(Coh)) and the American ?tudy 


-eijtudy (] 


(OARF(Coh)) are reviewed, with an emphasis on the cultural differences in the populations 

sampled and the differences in study design, execution, and analysis of data that may help to 
v < % . 4 

compare outcomes of-^e two studies. In the final section, data comparisons are made for the 
‘ • • * 
two studies to evaluate if there are widespread differences across all age-exposure group 

t 

* * 

combinations, or just specific ones. ^ 

3.72. > CQmparAtiy^Review_^nd_Discussion.QfJhC-CohQrt_Studigs 

t 

• HIRA(Coh) is a census-population based study of adults aged 40 or above, begun in 1965 . 
in 29 Health Center Districts in Japan. A .total of 200 cases of lung cancer occurred among the 

, * t ' 

91,540 nonsmoking married women who were followed. A total of 265,118 subjects were 
enrolled for the entire study (122,261 males and 142,857 females, including unmarried women) • 
accounting for94.8% of the totaUcnsus in the study area. Subjects were tracked by establishing 
a record linkage syste^ between the data/interview.records and death certificates (Hirayama,^ 
1983b, 1984). Interviewers wcrej^lind to the smoking status of subjects (NRC, 1986). 

4 *4 

In the Japanese study, relative risks of 1.42, 1.58, and 1.91 were observed for nonsmoking 
wives with husbands who smoked 1 to 14. 15 to 19, and 20+ cigarettes per day, respectively. The 
corresponding value fof women whose husbands were formfcf smokers is 1.36, which falls 
between the values for nonsmoking and light smoking husbands (Hirayariia, 1984). The observed 
increase in risk across the exposure categories, with former smokers classified between ’ 
rfonsmokers aVid^he 1 to 14 cig./day group, is statistically significant by the Mantel-1 laenszel 
tesU(one-tailed p < 0 002). Also, RR for women married to smokers increased with age and 
> 
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with duration of exposure to spousal smoking (age and duration of exposure are likely 

' m 

correlated, so these should not be construed to be independent results), 

GARF(Coh), the ACS’s Cincer Prevention Study (CPS-I), begin in 1059 when 61,000 
volunteers in 25 states enrolled more than one million men and women for long-term follow-up 
Volunteers were,instructed to'recruit people they knew well, Subject participation was fairly 
evenly divided across large cities, small cities and suburbs, small towns, and rural areas. Overall, 
about 3% of the population over the age of 45 in 1121 counties was recruited. Enrollment 
included all family members of age 30 or above, provided at (tast one member of the household 
at least 45. 

Each year, for six years, the volunteers were asked to report the vital status (alive or 
dead) of the persons contacted. For subjects who had died, death certificates were obtained 
from state departments of health to determine the cause of death. Additionally, physicians who 
certified the cancer deaths were contacted and asked to supply information to verify the primary 
sites of the tancers. In the first six years, information was received confirming the primary sites 
of cancer in 78% of the cases, and microscopic confirmation was obtained in 69% of the cases. 
Death certificates overstated the lung cancer rates by 11.8% (GarfinkeL, 1981, 1984, 1985). The ' 
study was essentially terminated after six years, as originally planned in 1965. until it was ' 
decided to conduct a second follow-up beginning in 1971. Follow-up was achieved for 98.4% of 
the subjects? The follow-up terminated, however, because tracing became increasingly 
difficult due to death or movement of the volunteers and their substitutes (Garfinkel, 1985). 
Apparently death certificates did not continue to be followed up by * medical report after the 

\ 9 

first six years. For lung cancer cases in all wom^evr-tnarried or not, 203 out of a total of 564 
(36%) reported by death certificates were accompanied by a medical report, 

The American study does not provide conclusive results regarding a possible association of 
lung cancer with ETS exposure, The ratio of observed to expected lung^ancer deaths, referred 
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, ,%T- v‘; •tfhVfvi• 

to a» the mortality ratio (Garfinkel, 1981), it 1.27 and 1,10 for nontmolcu^'^^Ttfh j, < 

’■ ' V0„ ’ ' V^vi'’ 

husbands who smoked < 20 cig./day and 20+ cig./day, respectively. Neither v^.I] statistically' 
significant. When data from the Hirayama study are grouped according to the same.exposure 
levels (< 20 cig./day and 20+ cig./day), the observed relative risks are 1.45 and 1.91, with 
one-tailed p-values of 0.03 and 0.001, respectively (Hirayama, 1984). 

* The American cohort study appears to contain more statistical uncertainty than the 
Japanese study. Some of the general factors contributing to uncertainty in study data are * 
related to sample size, variability in the population sampled, sample design and protocol, * 
treatment of missing or incomplete data, accuracy and reliability of collecting and reporting * 
data, and methods of statistical analysis. When the data produce a clear pattern, such is 
HIRA(Coh), with a consistent upward trend across exposure categories and age groups that 

V 

cannot be ascribed to chance alone, one has some assurance that the sources of variability are 
not obscuring a dose-response relationship. Apparent differences between outcomes of the two 
studies could be due to one or more sources: (1) a real difference in risk in the populations 
’studied (perhaps due to higher exposure or uptake of ETS); (2) differences in the way the 
studies were designed, conducted, or interpreted; or (3) chance occurrence alone. There is 
suggestive evidence for the first two alternatives. Subjects in the American study were followed 
for 12 years compared to 16 years in the Japanese study (Hirayama, ,1984), so the proportion of 
subjects with lung cancer would be expected to be lower in the American study. Arreviewed in ' 
the U.S. SG’s report (1986), the relatively high risks observed for nonsmokers whose husbands 
smoked led to speculation that Japanese women may report themselves as nonsmpkers when 
they actually smoke (also see Lehnert, 1984). However, some reassurance of the validity of 
self-reported information from Japanese women is provided by the AKIB study, which found 
strong concordance between self-reported smoking status and the reports from the next-of-kin. 
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Hirayama has emphasized the importance of properly defining passive smoking, He 

classifies direct passive smoking as exposure from within approximately 1 to 1,5 meters of the 

source and indirect passive smoking as exposure from a greater distance (Hirayama, 1984; 

Lehnert, 1984). Direct passive smoking is of much greater concern thari indirect passive smoking 

(Lehnert, 1984). Japanese wives may experience more direct passive smoking if they tend to be 

in closer proximity to their smoking husbands than American wives. Related factors that may 

contribute to a net increase in exposure for Japanese wives relative to tfteir American 

counterparts include house sizes, the number of smokers per volume of air, proximity of 

nonsmoking spouse’s sleeping area to spouse’s smoking area, and the amount of time a 

nonsmokihg spouse is in the home. Hirayama (1981b) notes additional differences between 

Japan and America that may influence exposure, such as a higher percentage of office workers 
1 1 

among females in the United States than in Japan and a higher divorce rate in the United 
States. Japanese wives may be much less exposed to ETS from sources other than spousal 

A 

smoking in tfie home than U.S. wives, i.e M background exposure to ETS may be lower for 
Japanese wives. (Technical Note: An increase in exposure to household ETS and a decrease in ' 
exposure from other sources for Japanese women relative to U.S. women would both contribute 
toward a higher RR for the Japanese if passive smoking is causally related (o lung cancer.) Two 
additional factors that may affect a comparison between the'United States and Japan include 
total cigarette consumption and lung cancer rates due to causes not related to tobacco smoke. 
These differences between the U.S. and Japan weigh heavily in favor of JapafTas>bc more 


fertile sociological environment for observing an excess risk of’lung cancer from passive smoking 
by means of an epidemiologic study based on spousal smokin’g. Exposure to household ETS 
appears to be higher in general, with more direct passive smoking, and exposure from other 

sources (background exposure) appears to be'lower. These factors contribute to a larger relative 

* 

exposure to liTS between the so-ealled exposed ind unexposed groups. If passive smoking is a 
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risk fnctor for lung cancer, then the observed relative risk should be higher when the relative 
exposure to ETS between the comparison groups is higher (mitigating factors not withstanding). 
There are also some differences in the methods of analyzing and interpreting data in the: two 
cohort studies, as described in the next section. , 


3 . 7 . 3 . comparnuy.s-DatiLAflaly?tf flUM cohQrt, 5 tugi« •■■■■■ rv 

The measures of risk reported in HIRA(Coh) and GARF(Coh), the odds ratio and the 

i 

mortality ratio, respectively, are not identical statistics* Neither ire the statistical methods to 
control for age the same. The method applied by Hirayami (Hirayama, 1984) is the 
Mantel-Haenszel procedure, commonly used to standardize for age and other factors that may 
have an influence. To control for age by this method, for example, study observations are 
grouped by time intervals. Comparisons between exposure groups’are made at each time 
interval, and then the results are combined across intervals to test for a difference between 

' % 

exposure.groups (the extended M-H procedure). The method of analysis used by Garfinkel 
(1981) is somewhat different (described more fully in Hammond et at., 1975, 1976)! Adjustment 
for age is handled by assigning weights according to person-years with a smoking husband. The 

_ * t 

results are.analyzed as quantal response data. 

The method previously applied to non-ETS data in the American study is used to 
statistically adjust for potential confounding variables (Hammond et al. t 1975, 1976). Groups are 
formed from the data matched on agj. race, highest educational status of the husband or wife, 
residence, and whether or not the husband is occupationally exposed to dust, fumes, or vapor 
(Garfinkel. 19KI). The ratios of the number of adjusted lung cancer deaths in the tow (< 20 
cig /day) and high (20+ eig /day) exposure categories to'the corresponding number in the 
control group, i e, the nonsmoking women with nonsmoking husbands, are reported to be 1.37 
and 1.04, respectively, neither pf which is statistically significant. Using data from the American 
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■ study that includes age at time of death, duration on study, and whether death was due to lung 
cancer or another cause (supplied by L Garfinkel), the Mantel-Haenszel method was applied 
controlling for age and duration on study. Controlling for these two factors simultaneously, 
however, did not produce statistical significance or otherwise alter previous conclusions. 

For further comparison, the descriptive data from GARF(Coh) corresponding to the age 
groups and exposure classifications of data published for HIRA(Coh) (Hirayama, 1984, Table 1) 

i 

were placed side-by-side for visual comparison (Table 3*8), Relative to the general pattern of 
response in the Japanese study, the American data appear to be at greatest variance from what 
might bo expected in the two subgroups at highest exposure (20+ cig./day) in the age 
classifications 40 to 49 and 50 to 59. Further review of those data for completeness, possible 
sources of bias, or unanticipated anomalies may be illuminating. 


3.8. SUMMARY AND CONCLUSIONS 

The primary focus of this chapter has been on hazard identification, in this case a 
statistical assessment of the combined evidence from 21 case-control studies and three cohort 
studies of an association between ETS exposure of never*smoking women and lung cancer. The 
case-control studies vary with regard to inclusion of raw study data, an adjusted statistical 
analysis (adjusting, or controlling, for covariables in the statistical analysis), and dose-response 
information to test for upward trend (lung cancer occurrence reported by the amount spouse 
smokes).. The statistical assessment was conducted from these three perspectives. Overall, 
analysis of unadjusted odds ratios (19 studies), indicated a significant lung cancer relationship (p 
<. 0.001 for both statistical tests used. The two statistical tests based on authors' adjusted 
Statistical procedures in 11 studies were also significant (p <. 0.001 and p - 0.014). To check 
for qfi-upward trend in response, observed relative risk was plotted against exposure (e g., 

j 

number of cig./day smoked by the husband) for the 13 case-control studies reporting these data. 
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TABLE 3*8. TWO COHORT STUDIES; FEMALE LUNO CANCER 
DATA FOR SIMILAR AGE AND EXPOSURE GROUPS 1 


Age 1 

Study 4 

- Husband’s smoking habit* 
Nonsmoker 1-19 

20 + 

4049 

G 

9/23,743 

6/11,791 

12/26,918 



(3.8) 

(5.1) 

(45) 


H 

4/6,229 . 

14/13,779 

16/10,764 



(6.4) 

(10.2) 

(14.9) 

50-59 

G 

31/25,108 

25/13,528 

21/24.184 



(12.3) 

(18.4) 

(8.7) 


H 

10/7,791 

28/13,720 

24/9,820 



(12.8) 

(20.4) 

(24.4) ' 

60-69 

G 

23/15,133 

16/6,884 

20/7,299 



(15.2) 

(23.2) 

(27.4) 


H > ■ 

18/7,120 

37/9,756 

23/4,651 


* * 

(25.3) 

(37.9) 

(49.4)' 


1 Entries are (number of lung cancer deaths)/(number at risk), stated as a percentage (x 100) 
in parentheses. Data for age 7079 are omitted because of small sample size^ and small 
number of lung cancers observed. Data for 'G* were supplied by L 
Garfinkel. Data for *H* are in Hirayama (1984). 

: Cigarettes/day. 

5 Women’s age for G; Husband’s age for H. 

4 G:GARF(Coh) H: HIRA(Coh). 


i 
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I- 

Although outcomci vary, an upward trend wai obaerved In more inataneei than could be 

# ► < 

| r 

attributed to chance alone. Tabled study characteristics did not suggest common features among 
the studies*that might explain their findings. The statistical results solidly support the 
conclusion that the observed association between lung cancer and ETS exposure in case-control 
studies is not attributable to chance occurrence. 

i 

The cohort studies were addressed separately from the case-control studies for several 

1 » 

reasons. ’The size of the two major studies, the US. study by the American Cancer Society and 

i « *- • 

the Japanese study by Hirayanrta, might dominate the outcome of some comparisons with case- 
control studies. Also, the cohort studies differ from the case-control studies in design, execution, 
and numerous other characteristics. The Japanese cohort study alone provides compelling 
evidence of a lung cancer risk associated with ETS exposure. Although s6me corrections to the 
initial calculations were required, it has withstood extensive critical examination since its 
appearance in 1981 (see NRC, 1986). Results of the American cohort study are less conclusive. 
Differences in culture and life-style between the U.S. and Japan suggest that ETS exposure from 

spousal smoking may be higher, and exposure from background sources lower in the U.S. than • 

© * « . 

in Japan. In view of other study evidence ? of an upward trend in response, the more pronounced 
outcome' observed in the Japanese study might be anticipated * 

Although the American cohort study weakly indicates an increased lung cancer risk from • 
ETS exposure, the data have an observed inversion in dose*response, i.e., lower response at high 
exposure to spousal smoking than at moderate exposure. Further study of the data to see if the 
inversion can be explained may be warranted, especially since this study is the largest in the U.S. 
and is the only U.S. cohort study. A statistical analysis of the data adjusted for survival was not 
helpful. Consequently, the well-patterned response of lung cancer occurrence by subjects’ age 
and husband's smoking status in the Japanese experience were used as a model to illuminate 
departures in the American survey. Data in the American study deviate most from what might 
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< be expected in the two subgroups at highest exposure (over 20 cig,/day) In age groups 40 to 49* 

and SO to 59, Further examination of this subset of the data may be warranted, 

Based on the statistical results of this chapter, this report concludes that passive smoking 

is associated with an increased risk of lung cancer. The stronger conclusion of a causal * 

. * 

association, however, is not warranted from these statistical tests alone. Other factors must be 
considered as well, including the likelihood that the observed association U attributable to 
systematic bias or the presence of a confounding variable. Further analysis relevant to whether 
( the stronger conclusion of causal association' is relevant is given in the next chapter. 

% t ‘ 

) 
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4. ASSESSMENT OF LUNO CANCER vjrmal f..„ 

RISK FROM ETS ' J * , ’ ,, ' 


4.1. INTRODUCTION ‘ • ‘ “ 1 l ' r ' 1 7° lK " 

■ > H “»i ■ f * , . , 

The preceding chipter addressed the topic of haard identification arid Wnclucled that 

. 1 

sETS exposure is associated with lung cancer. Statistical tests alone, however, do not generally 
warranUh^ conclusion that two variables are causally related, i.e., that one of the variable? is a 
contributing cause of the other. The total weight of evidence needs to be considered. In 

1 

particular, the likelihood that the observed association is attributable to a confounding variable Jr 

or a.systematic source of bias needs to be considered. If it b concluded that ETS is causally 

. *■* 

associated with lung cancer, then the next step b<to characterize the magnitude of the 

population risk. # . 

\ • 

> Review and analyses of the epidemiologic studies described in Chapter'3 and 
supplemented by Appendix A have not indicated a correlate of ETS that may explain the 
observed association between ETS and lung cancer. Among the potential sources of bias 
discussed, however, misclassification of smoker status needs to be examined as a possible 
explanation of the observed .effect. Its significance is determined from tbe remainder of the 
estimate of overall relative risk after subtraction of an amount attributable to smoker 
misclassification. A model is implemented to estimate the overstatement of relative risk due to 
smoker misclassification, the technical details of which are included in Appendix B, The overall 

r * 

relative risk of lung cancer remains significant after adjustment for smoker misclassification. 

* i • -» 

Based on this outcome and other evidence,* iVb concluded that ETS b causally associated with 
lung cancer. After numerically adjusting for background ETS (sources other than spousal 
smoking), the lung cancer risk of ETS from all sources to the U.SrpopuIation of nonsmokers 
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(never-smokers and former smokers of both sexes) is characterized in terms of the number of , 

lung cancer deaths (LCDs) attributable to ETS (estimated at 3800). 

Several other authors have estimated, the population risk of lung cancer from exposure |o 

ETS also. Two approaches have been used almost exclusively. One analyzes the overall 

epidemiologic evidence available from case-control and cohort studies, as done in this report. 

. ) £ 


■ / * 

The second approach estimates a dose-response relationship for ET^ exposure based on 

• 4 ^ $ 

"cigarette-equivalents* determined from a surrogate measure of exposure common to passive 

x 7 

and active smoking. Cotinine concentrations in body fluids (urine, blqod, or saliva) and tobacco 

smoke particulates in SS and MS have commonly been used for this purpose Tint lung n \ 

risk of ETS is assumed to be equal to the risk of actively smoking at the rate determined by the 
- % 

cigarette-equivalents. 

The NRC report is a good example of the first approach. "An overall estimate of relative 

risk (RR) for never-smokers exposed to spousal smoking is obtained by statistical analysis across 

all available studies (as in Chapter 3 of this report). Two adjustments are made then to the 

estimate of RR. The first adjustment accounts for expected bias from former smokers (FS) and 

current smokers (CS) who may be rnisclassified as never-smokers (NS) and it results in a 

% 

decrease in the RR estimate. The second adjustment, an upward correction, takes into account 
the risk (com background exposure to ETS (experienced by a NS whether married to a smoker 

i 

or not). Population risk can be characterized then by estimating the annual number of LCDs 

t , 

among NS attributable to all sources of ETS exposure (spousal smoking and background). This 

calculation requires the flnal-'adjusffcd,estimate of relative risk, th^-annual.number of LCDs from 
! ' * 
all causes in the population assessed (e g.. NS of age 35 or above), and the proportion of that 

population exposed to spousal smoking. The entire population is assumed to be exposed to a 

’ background level of ETS. 
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• The cigarette-equivalents approach calculates an estimate of the lifetime excess risk of 

lurtg cancer from exposure to'ETS, extrapolated from a dose-response curve constructed for 

do'se-response of activ^smoking. Multiplying this estimate by the size of the population exposed^ 
0 , 1 

to ETS characterizes the population risk'in terms of the excess number of lifetime lung cancers. 

It is important to .note that the population excess risk in the firs^approach is stated in terms ol 
an annual number of lung cancer cases; in the second approach, population risk’is stated in 
terms of the lifetime excess number of lung cancers. There are variations on the two basic' 
approaches described, but the published literature largely falls into the two camps 
described—inference from the epidemiologic studies or extrapolation from i dose-response 

assessment for active smoking. A recent review of risk assessment methodologies in passive 

* \ 

smoking may tie found in Repace and Lowrey (1990). > 

► Examples from the published-literature illustrating both approaches and their results are 

reviewed in Sections 4.2 and 43. Section 4.4 describes the risk assessment of lung cancer front 

* * 

ETS exposure for this report, based on epidemiologic data (the first approach* described above) 

The overall relative risk to female NS married to a smoker is estimated from the epidemiologic 

„ 1 , ^ 

studies with 95% confidence bounds and then an adjustment for smoker misclassification bias is 

calculated from an extension of the NRC/Wald formula. Background ETS is taken int6 account 
in a second adjustment to RR (implicitly redefining RR at that point to be •relative* to the risk 
at zero-ETS instead of at an average background level of ETS). The population attributable risk 
then is estimated to obtain an anniial number of U.S. LCDs in never-smoking wojnen 

* . ' i , 

attributable to total ETS exposure. The predicted number of LCDs due to ETS is further 
extended to include male NS and then ter Include former smokers of both sexes. 
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\ 


4.2.. PREVIOUS ESTIMATES OF RELATIVE RISK FROM EPIDEMIOLOGIC DATA •' 

4.2.1. ' The NRC R<?port-.;inJ Wald <t nl, 11236 ) . 

The NRC report follows the construct of Wald and coworkers'to adjust for potential, 

/ rnisctassificntion.bias. The technical details of the adjustment are contained in Wald et a!. , 
(1986) andfea lesser degree in the NRC ref>ort, An illustrative diagram for “the implicit true 
relative risk of lung cancer from exposure to ETS in women from spou^fl smoking h shown in 
Figure 2 of Wald et at. A similar example is in Table 12*5 of the NRC report. The formula for 

an extended version of these examples is given in Appendix B (Equation Bl), with the required 

, « 1 / • 

parameters described in Tables B*1 through B*3. The summary relative risks from observed - 

data reported by the NRC are 1.32 (95% C.I. 1,16, lil) for females and 1.62 (0.99, 2.64) for 

i 

. males. Both RR estimates apply to NS married to smokers, i.e. t the estimates apply to lung 
* * * * ’ ■»> 
cancer risk in exposed NS (actually exposed to spousal smoke and background sources) relative 

' to‘the'risk in unexposed NS (actually exposed to background sources only).»The terminology 

* adopted from epidemiologic studies comparing an exposed group, with an unexposed group can 

, be misleading when sources of ETS other than spousal smoking are taken into account (i.e., * 

* « # 4 

background ETS). Both groups experience background exposure to ETS, so one group is at a 
higher exposure level (from spousal smoking and background) and the other one is at a lower 

exposure level (backgound ^lo'ne). ‘ 

* * ■ * ' 

After adjusting for expected negative (downwanJ^bias in the RR estimates due to smoker 
misclassification,*the NRC concludes that the*relative risk for both females and males is likely to 
be 1.25, and probably lies between 1.15 and 1.35. The "relative" in RR, however, still means 
relative to the risk from background exposure alone. To estimate the number of LCDs in NS 
- attributable to ETS, risk estimates need to be relative to the risk of lung cancer at zero-ETS • 

* j .* ’ • t 4 

exposure instead of at background exposure. This is‘‘accomplished in the NRC report by using 


data on cotinine concentrations to compare exposure to ETS at the higher level (background 
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plus spousal smoking) with exposure to the lower level (background only). This report uses the 

i 

' i 

same method; it will be discussed in more detail,' The resultant Estimates,of RR apply to 
exposed persons and to unexpdsed persons, but are now relative to risk at zero-ETS instead of 
risk at the background level, This adjustment for background sources changes the NRC 

estimate of RR for an exposed person to 1.42 (*ranging*'from 1.24 to 1.61); the change is due 

/■* s ' 

only to implicit redefinition of RR to mean risk relative to zero-ETS, however, instead of 

< * 1 

relative to a background level of ETS. Similarly, the RR estimate from background ETS 
becomes a positive value, since RR now means relative to zero«ETS, The estimates given by the 
NRC arc for both sexes, with the qualification that the' adjustment for background and the 
estimation of LCDs attributable to passive smokjng (to be described next )^re 'crude*. 

The NRC report estimates that about 21% of the lung cancers in nonsmoking women’and 
20% in nonsmoking men may be attributable to exposure to ETS (NRC, 1986, Appendix C). 
When applied to the ACS’s estimate of 6500 (3000) LCDs among NS women (men) in 1988, the 
number attributable to ETS exposure is 1365 (600), a total of about 2000. To obtain these 
figures for annual LCDs attributable to ETS m NS requires the RR figure for exposed and 
unexposed persons obtained from data on married NS. Not all NS are married, of coursejand 
,the NRC estimates that 17% of all NS women (married or not) and 12% of NS men (married 
or not) are exposed to ETS at the higher exposure level (equivalent to background plus spousal 
smoking); the remaining percentages are assumed to be exposed at the lower exposure level 
(background iflS only). These exposure percentages are based on a sample of cotinine 
concentrations. In effect, the NRC is estimating the RR for the population of NS by taking a 
weighted average of the RR at the higher exposure level and the RR at the lower exposure 
' tevel, weighted by the proportions of the population at the higher and lower exposures. The 
population is not bipolarly distributed at two exposure levels, but a judicious assignment of 
values to the proportions assumed wilt produce a weighted average that approximates RR. for 
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exposure near the population average, An implicit assumption is that RR is linearly related to 
*ETS exposure between the lower and higher exposure levels, 

The remainder of this* section discusses details of the^NRC and Wald et al. (1986) analyses 
to adjust the overall RR for bias from smoker misclassification (the first step in the procedure - ( 
above). In particular, NRC parameter values used for the^djustment are compared with those 
to be used in Section’4.4 of this report. Both the NRC and Wald et al. assume that 50% of 

f ' 

women are NS. Wald et al. assumes that the remaining 50% consists of 35% CS and' 15% FS, 

based on a survey conducted in Britain. Estimates for the U.S. for 1985 from the National 

Health Interview Survey (NHIS), as reported in the U.S. SO (1989) report, place the percentage 

} of U.S. females who are C$ and FS at 27,8% and 16.9%, respectiyelyjor a total of 44.7% ever* 

smokers (ES) in the U,S. Corresponding values for 1982 from the initial phase of the ACS’s 

Cancer Prevention Study II (CPS-II)‘are 22,1% and 22.6%, respectively, for the same total 

percentage (44.7%). Consequently, the 50% value for ES is probably a little high for the U.S., 

and the composition of female ES in the U.S. between 1982 and 1985 is probably closer to 22% 

to 28% CS and 17% to 23% FS. In Section 4.4, this report assumes 45% female ES, consisting 

of 25% CS and 20% FS, *' 

'<> . 

The NRC report estimates that the lung cancer risk of smokers relativVto nonsmokers* 
may be as high as 8.0; based on an ACS study in 1966, and the British Physician’s Study in 1980, 

\ 

and then allowing for a reasonable increase by the mid*1980*. The initial phase of CPS-II 
indicates that the relative risk for female CS aged 35 and older has soared from 2.9 between 
1959 and 1965 (CPS-I) to 11.9 (95% C.I. 10.0. 14.3) between 1982 and 1986 (CPS-II) (S.g!. 

1989, p. 153). The large change is related to an increase in the number of women who began • 
smoking two to three decades ago, a sufficient period for lung cancers to appear in the mid- 
1980s. The relative risk reported, for female FS in the general population from CPS-ll is 4.7 
(95% C.I. 3.9, 5.7) U.S. SG, 1989). ES (CS and FS) misreported as NS are assumed to have a 
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lower risk than correctly reported ES. The NRC report suggests an overall relative risk of two 
for misclassified ES (but notes that it could be as high as four). Wald et al. adjusts the smoker’s 
relative risk for misreported CS and FS (from eight to two), assuming the misclassification 
percentage of ES is an aggregate of 271% attributable to CS and 4,9% due to FS. ^ 

In this report, calculations for the adjustment to relative risk for misclassification are 

I 

made directly from the specific values assumed for CS, FS, and NS, without combining CS and . 
FS into a common category (ES). This approach is somewhat more general and should provide 
additional flexibility and accuracy. The'extended formula is given in Appendix B. The ». 

*■ 4 

calculations in Wald et al. and the NRC report are a special cas^, Wells has undertaken to 

¥ * * , 
model the impact of misclassification in further detail by using parameter estimates that are 

characteristic of the time and place of each study for which a bias is estimated, e.g„ in estimates 

of relative risk for CS and FS. His initial results indicate that the overall relative risk estimate 

increases with this modification (personal communication from AJ. Wells). 

The NRC report and Wald et al. make a correction to the overall relative risk estimate, 

using identical procedures, to account for background exposure to ETS. Urinary cotinine is 
used as a surrogate for recent exposure to tobacco smoke in NS. In the’Study by Wald arid * 

I 

Ritchie (1984), the urinary cotinine levels among NS exposed to smoking spouses were three 
* 

times those of NS married to NS. To make the lung cancer risk to exposure to ETS relative to 
a zero-exposure group, it is assumed that the excess lung cancer risk from ETS exposure is 

■ * j 

proportional to urinary cotinine concentration. Note that this assumption does not imply that 
cotinine (or its precursor nicotine) determines the carcinogenic potential of ETS. The formula 
to calculate the adjustment is in Equation B2 in Appendix B. 

The NRC report calculates the population-attributable risk, assuming that 17% of * 
nonsmoking women and 12% of nonsmoking men are exposed to ETS and that the remaining 
percentages are exposed to a background level of ETS (NRC, 1986, Appendix C). The exposure 

i, 
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percentages for men (12%) and women (17%) are from a sample of cotinine measurements in 

• i 

men' reported in Wald and Ritchie (1984), The 17% is a very low figure for female NS when 
compared io the percentages exposed in the case^ontroj studies' (see Figure 3-1). The ^21 
married males tested by Wald and Ritchie are not representative of the U.S. population. Wald 
et al. (1986) assume an exposure percentage of 39%’in theipexample calculation for female NS 
and the NRC report (p.236) uses an odds ratio of 1.3/3.3 (« 39%) for the exposure of female 
nonsmokers (NS in this case) in its example. In the analysis of this report in Section 4.4, 60% is 
assumed, with a plausible range from 43% to 75%. These values.are reasonable for the case- 
control percentages in Figure 3-1. .. .. 


4.2.2. Other Risk Ass'essn 


Wells (1988) provides a quantitative risk assessment that includes several epidemiologic 
studies subsequent to the NRC and U.S. SG reports. Like the NRC report, the epidemiologic 
data for both women and men are considered-for whicty-separate estimates of overall .risk and-' 
attributable risk are provided. The three cohort studies addressed in the NRC report are also 

t a 1 

included (no additional ones have appeared). Fourteen case-control studies are analyzed, three 

©, 

of which have appeared in the literature subsequent to the NRC report (Brownson et al., 1987; 
Humble et at.. 1987; Lam et al., 1981; denoted in Table 3-1 as BROW, HUMB, and LAMTj * 
respectively). Other differences compared to the NRC report are: WU (Wu et al., 1985) and 
the study by Sandler et al, (1985) are included; part of the data of BUFF and KABA are 
eluded: and CHAN is excluded. The reader'is referred to Wells (1988) for discussion of 
criteria for study inclusion.* 

„ Wells ciilculiiles'hp overall relative risk of 1.44 (95% C.l. 1.26, 1.66) for females and 2.1 
(1.3, 3,2) for males. Following the general approach of Wald et al. (1986), the misciassification 
percentage for [*S is assumed to Ik* 5 f r (compared to 7<T for Wild et al.). Rates were adjusted 
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for background exposure to ETS except in studies from Greece, Japan, and Hong Kong, where 
the older nonsmoking women are assumed to experience very little exposure to ETS outside the 
home., A refinement in the estimation of population-attributable risk is provided by adjusting 

• . . *' V; 1 • 

for age at death (which also appears in thi calculations of Robins (NRC, Appendix D]). The 
relative risk is calculated under two assumptions regarding risk-constant with age’and declining 

, ' i 

with age,.but there is little difference in the two outcomes. A figure of 76% is used for the 
fraction of fem'nle nonsmokers (never-smokefi) exposed to ETS,.assuming that 60% are exposed 

* * . I. T 

to spousal smoking and another 16% are exposed at a comparable level otherwise. The-total 
percentage for males is 61%. The calculation of, population-attributable risk applies to ft as 
well as NS, which is a departure from Wald et al. and the NRC report. The annual pumber of 

a , 

excess LCDs in the U.S. is estimated to b$ 1,232 (females) and 2,499 (males) for a total of ' 

• * „ •« f , 

3,731. About 3,000, however, is thought to be a best current estimate. 

Robins (NRC. 1986 Appendix D) explores three approaches to assessment of lung cancer ( 


risk from exposure to ETS, eachjwith attendant assumptions dearly stated. Method 1 is based 

s A ' 

solely on evaluation of the epidemiologic data applying two assumptions: 1) adjustment of 
relative risk for background exposure to ETS independent of age, and 2) the excess relative risk 
in a nonsmoker is proportional to the lifetime dose of ETS. The validity of both assumptions 
are questioned by the author in later remarks. The age-adjusted population-attributable risk is 
estimated for females and males separately; (The reader is referred to Robins et al.-, 1989). 

. The age-specific fraction of LCDs due to ETS exposure is also required. Data from the* 
controls of one of the case-control studies in the U.S. (Garfinkel et al., \9$5J are used for that 
purpose. The age-specific LCD rates for women are also used in calculating population- 
attributable risk for males in lieu of no data specific to.'males, Robins assumes that a relative 
risk of 1.3 is associated with ETS exposure (1.14, the summary for U.S. studies alone, is also 
considered). “He omiuany adjustment for misclass idea lion, but does adjust for background 
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exposure, In view of thelNRC report^ emphasis on the potential for mi<eia«ification, this 
omission is surprising, The author estimates lifetime risk of LCD attributable to ETS, btft 

epidemiologic data alone are not sufficient. Further assumptions implying some similar 

I 

characteristics in lung cancer risk from active and passive smoking are introduced for that 
purpose. ’ i 

Blot and Fraumeni (1986) published a review and discussion of the available epidemiologic 

♦ 

studies about the same time as Wald e % t al. (1986), the NRC, and the U.S. SG reports appeared. 

i * 

The set of studies considered by Blot and Fraumeni are almost identical to those included in the 

s 

NRC report (see Table 4-1), except for omission of one cohort study (Gillis et al., 1984), and 
inclusion of WU, the case-control study excluded by the NRC because the raw data were 
unpublished. An overall relative risk estimate calculated from the raw data for females yields 
1.3 (95% C.1, 1.1, 1.5). When the results are combined for hi&h exposure categories, the overall 
•relative risk estimate is 1.7 (1.4, 2.1). 1 k 

Wigle et al. (1987) apply the epidemiologic evidence to obtain estimates of the number of 
LCDs in NS due to ETS in the population of Canada. A total of 50 to 60 LCDs per year is 
attributed to spousal'smoking alone, with 90% of them in women. Overall, involuntary exposure 
to tobacco smoke at home, work, and elsewhere may cause about 330 LCDs annually. The 
percentage of LCDs in NS used in the calculation is 1.6% for males and 12.4% for females, 
values obtained by pooling resujts from U.S. and Canadian reports. The fraction of NS with a 
smoking spouse is estimated from the control groups in two U.S. studies (Dalager el al. [1986] 
and the ease-control study of the ACS reported in Garfinkel et al. [1985)). "A pooled prevalence 
rate of 40% from these two studies is.assumed. The estimated number of deaths from lung 
cancer attributable to passive smoking is calculated separately for males and females, using'age- 
specific population figures for Canada and age-spec i tic rates of death from lung cancer 
attributable to ETS (Repace and Lowrey, 1985). _ I 
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TABLE.4-1. EPIDEMIOLOGIC STUDIES INCLUDED IN OVERALL RELATIVE RISK IN 
THIS REPORT (FEMALES ONLY) AND SEVERAL OTHER SOURCES 


Study 

Sex 

f 

Observed 
relative risk 1 . 

l 

2 

Sources 1 

3 

4 

5 

AKIB 

n 

F 

1.52(0.88,2.64) 

F 

' ‘ F 

F 

0 

F 

F 


M ■ 

1.80(0.50,5.60) 


M. 

M 

M 


BROW 

F ‘ • 

1.52(0.39,5.99) 



F 


F 


M 

U8( - , •) 



•' ■ M 

l 


'buff 

F 

0.81(0.34,1.90) 


F 

F • 

F 

F 


M 

0.50(0.20,1.70) 


M 

M 

M 


CHAN 

F 

0.75(0.43,1.30) 

F 

F ’ 

' 

F-' 

F 

CORR 

F 

2.07(0.82,5,20) 

F 

\ . F 

F 

F 

. F 


M 

2.00( • , •) 


“ M ; 

M 

M 


GAO 

F 

'1,19(0.82,1.73) 





F 

GARF 

F 

1.31(0.87,1.98) 

F 

, • F 

F 

F 

F 

GENG 

F 

2.16(1.09,4.28) 




t 

F 

HUMB 

F ’ 

234(0.83,6.61) 



F 

F 

F 

INOU 

F 

2.55(0.74,8.78) 




' ■ 

F 

KABA 

F 

0.79(0.25,2.48) ■ 

F 

F 

F 

F 

F 


M 

1.00(0.20,4.90) ' 


M 

M 

M 


KOO 

F 

1.55(0.90,2.67) 

F 

F 

F 1 

F 

F 

L\MT 

F 

1.65(1.16,2.35) 

t 



, , ; F 


F 


(continued on following page) 
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TABLE 4-1. (continued) 


Study 

Sex 

# * ' « 

Observed ■ 
relative risk 1 

1 ' 

>1* 

2 

Sources* 

3 

' ' 4 

5 

LAMW 

F' . 

'2.01(1.09,3.71) 

V 

i' » 

• 

« 

F 

LEE 

F . 

••V 1.03(0.41.2.56) 

. F 

r •' 

, F - . 

F 

' F 

F 


M 

• • 1.30(0.38,4.42) 

* 

. M - 

M 

M 


PERS 

F 

' ! 1.28(0.76,2.15), 

F ‘ 

v F - 

... F 

* 

F / 

F 

SVEN 

F 

1.26(0.57,2.81) 

i ■: 



‘ ! * ' * 

• 

•F 

-TR1C 

F 

> • 2.13(1.19,3.81) 

. F 

F 

F,; 

■ / F 

F 

wu • 

F 

1.41(0.544.67) 

F 


F 


F 

GARF- 

F 

1.18(0.90,1.54) 


f'. 

.. 1. • F 

.;f. 

F 

(Coh) 


• V ' 



! V 

. 


GILL 

F 

1.00(0.20,4.91) , 


F 

F 

F 

' F* 

(toh) 

M 

3.25(0.60,17.65) 


M ■ 

M 

M 

. • 

MIRA 

F ; 

1.63(1.25,2.11) 


F 

, • F . 

F 

F 

(Coh) 

M 

2.25(1.04,4.85) 

’ 1 


M 

M 

M 



Figures for case-control studies are as recorded in Table 2-5, 
w[ih the values calculated in this report from raw data used 
for females. Figures for^cohort studies are taken from NRC 
(1986). Parentheses contain 95% confidence intervals. 


1 Sources are: , 

1. Blot-and Fraumeni (1986). 

2. NRC (1986) and Wald et al. (1986). 

3. Wells (1988): includes study by Sandler et al. (1985) 
on women, and the data tor males in HUMB (Humble 
al.. (1987). both of which contain very few' cases of 
lung cancer. 

1 4. Siirneci iind Rilxili (I'M 1 )). 

5. This report. ■ * 


et 
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P *•' j . 

Unlike the previous examples discussed, Wigle et al. use the relative risk estimates 

4 ' 1 , / 

N 

obtained from a study comparing Seventh-Day-Advenlists (SDAs) (Phillips et ul., 1980a. 1980b) 

i ' i ' . ' , 1 

with a matched group of non-SDAs who are also NS, as reported in Repace and Lowrey (1985), 
The SDA/non-SDA comparison is used as a basis for assessing'lung cance&risk from ETS in a 

* r* , . » ’ » 

broader environment* particularly outside the home, than the cise-corftrol and cohort studies If 

provides an independent source of data and an alternative approach for comparison, to be 

k " ■* • • • / . '* .• p t * f ' - , 

described further in the review to follow, ^ ’ 

Repace and Lowrey (1985) suggest two methods to quantify lung cancer risk associated ( 

i 

with ETS. The' one based on epidemiologic data estimates the relative risk of LCD from all 

, s ! 

i . * 

sources of exposure to ETS, f.e„ in the home, at wbrk and elsewhere, in what they describe as a ! 
■phenomenologic* approach. A comparison of LCDs in the study by Phillips et al. (1980a, 

1980b) referred to above, wherein SDA NS and a demographica:lIy/educationaUy matched cohort 
of non-SDA NS provides the basic data. Information regarding the number of age-specific 

** s * 

LCDs and person-years at risk for the two cohorts is obtained from the study. The eomparisoii 
of two groups of NS is based on the.premise that the non-SDA cohort is more likely to be 

exposed to ETS than the SDA groups due to differences in life-style. Relatively few SDAs 

- ’ • *• * 

smoke, so an SDA NS is probably less likely to be exposed at home by a smoking spouse, or in 

the workplace, of elsewhere if associations ure predominantly with cither SDAs. One of the 

virtues of this novel approach is that it contributes to the variety of evidence for evaluation aKd 

provides a new perspective on the topic. , , 

Phillips et al. reported that the non-SDA cohort experienced an average lung cancer 

mortality rale equal to 2.4 times that of the SDA cohorts Using 1974 U.S. Life Tahles. Repace 

and Lowrey calculate the difference in lung cancer mortality rates for the two cohorts by 5-year 
/ * 

age intervals and then apply~this value to an estimated 6? million NS in the U,S. in 1979, to* 
obtain a number of LCDs attributable to ETS annually. The result, 4065. corresponds to a risk- 
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v"'" ’■ I ■ . ■_ 

rate of about 7,4 LCDs per 100,000 person-years. In an a^Sraje lifespan of 75 yean that value 

• ' ■■■•,:. . /’ rv? 

"equates to 5.5 deaths per 1000 people exposed. •* ‘j <0*/? , J 

, ' ' ’ * ‘ ’ ’ '*. A * • t * * 

A recent article by Vainio arv.1 Partanen (1980) assumes that the observed relative risk of, . " ; , 

4 .s ’ ’ , t , » , . ^ * * a • r 

1.3 from Wald et al. (1986) represents a causal effect! No adjustment is made for^possible 
misclassification of subjects. The same correction method for background exposufe'used by the y ' ; • 
NRC and Wald et al. is applied to the observed relative rjsk to yield 1.53.' Two calculations are ■ 
made for population-attributable risk applying an excess risk of 0.53 to the exposed fraction of •' •• 
depopulation of NS and a value of 0.18 for excess risk from background exposure to the. ( , »’ 

remaining fraction. The two calculations are Identical^side from the differenfvalues of the 

‘ I ' v' 

fraction expo’sed: 12% (men) and 17% (women) in one case; 28% (men) and 56% (women) in 

- /. •„ ' '• 1 

the other. The first pair of values is identical to the fractions used in the NRC report, as 

* , . 'ft * ‘ , 

* * ‘ ' * 

discussed previously in this section. The second set is from one of the case-control studies •' 

(Humble et al„ 1987). The value for population-attributable risk calculated from the exposure 

? , ’ * *; 

percentages 1*2%, 17%, 28%, and 56%, are 18%,’ 19%, 22%, and j27%, respectively, which 
illustrates only moderate sensitivity of the calculations to the different values assumed for the 

' ( k 

fraction exposed. Vainio and Partanen use the same excess relative risk for both men and 

women In their calculations. The authors conclude that the proportion of lung cancer cases 

' among nonsmokersthat could reasonably be-attributed to ETS is 20%~tb'30%. This r*a"nge is 

consistent with population exposure percentages of 20% to 75%'; A plausible range for exposure ,♦* * ; 

» ■ ) . •’ ’ / 
percentages is about 45% to 75% (‘Section 4.4.2). The approximate rjnge for PAR included by . ' 

Vainio and Partanen is dose to what the calculations in this report would be without a . ' 

downward adjustment of the RR estimate for smoker misclassification bias. 

Samcci^and Riboli (1989). of the International Agency for Research on Cancer, review the 

evidence from the three cohort studies and 11 of the case*control studies^Tahle 4-1). The 

authors follow the example of the NRC and Wald et al. in the studies to exclqde, and add only 
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one additional case-control study (Humble et *1., 1987).'The overall observed relative risk for • 

• the studies, 1.35 (1.20, 1.53),'is about the same as reported by the NRC, 1,34 (1.18, 1.53). • U is 

* ... | 
not reported how the overall relative risk was calculated. 


43. VftPfeOACHES TO RISK ASSESSMENT BASED ON CIGARETTE-EQUIVALENTS 
* 

The cigarette-equivalents approach assumes that the dose-response curve for lung cancer 
risk from active smoking also applies to passive smoking, after conversion of exposure to ETS 

1 ft 1 

into an 'equivalent*.exposure from active smoking. For example,'suppose the average cotinine 
concentration in exposed NS is 1% of the average value found in people who smoke 30 cig./day. 
The lung cancer risk for a smoker of (.01)30 ■ 0.3 cig./day is estimated by low-dose . 

* extrapolation from a dose-response'eurve for active smoking, and that value is used to describe 
the lung cancer risk for ETS exposure. This general explanation describes the nature of the 

. V . v 

approach; however, authors vary in their constructed solutions and level of detail. The basic 
assumption of cigarette-equivalents pYocedures is that the lung cancer risks in passive and active 
smokers are equivalently indexed by the common measured exposure to tobacco smoke, i.e., a. 
common value of the surrogate measure of exposure in an active and a’passive smoker would 

. -r ’ , , # , 

' imply the same lung cancer risk in both. 

A difficultly in assessing this approach lies in evaluating the assumption that apparent 
( • ; t * 
differences between passive and active smoking are negligible or have cross-effects that cancel. 


-V’. • 


For example, MS and $$ differ in the relative composition of carcinogens identified in tobacco 

’smoke and in their physicochemical properties in general. The lung and systemic distribution of 
j , ^ * 

chemicalagents common to MS^and SS are effected by'their relative tfisffitiution between the 
vapor and particle phases, which differs betweeq MS and SS and changes with SS as it ages, 

* 4 ^ » * 

Passive and active smoking also differ in characteristics of intake-intermittent (possibly deep) 


puffing in contrast to normal (shallow) inhalation. ToYielp illuminate relationships and identify 
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parameters where additional information would be Iftlpful on this topic, » mathematical model 

i 

for comparison of dosimetry of passive and active smoking was constructed as a basis for 
further study (Appendix C). , . . : * * . 

Several authors have taken issue with the validity of the cigarette-equivalents approach, 

t. 

For example, Hoffmann et al. (1989), in discussing thd longer clearance times of cotinine from 
* • * * 

passive smokers than from active sfnokers, concludes The differences in the elimination time of 

I , 

cotini\e from urine preclude a direct extrapolation^ cigarette-equivalents to smoke uptake by 
involuntary smokers." A recent consensus report of kn IARC pjmel (>f experts (Sarticci, 1989, 
pj) states that "Lacking knowledge of which substances are responsible for the well established 
carcinogenic effect of MS, it is impossible tcK^ccurately gauge the degree of its similarity to ETS 
in respect to carcinogenic potential." The VJ.S. SO report devotes a three puge section to the 
concept of cigarette-equivalents, quantitatively demonstrating how they-can vary as a measure of 
exposure (U.S. SG, 1986). It concludes with "These limitations make extrapolation from 
^mospheric measures to cigarette-equivalents units of disease risk a complex anchpotentially 
meaningless process," On a lesser note, it has generally been assumed that the dose-response 
relationship for active smokers is reasonably well understood. Recent literature raises some 
, questions on this issue (Moolgavkar et al., 1989; Gaffney and Altshuler, 19KK; Freedman and 
Navidi. 1987a; 1987b; Whittemore, 1988). 

The cigarette-equivalents approach has some important limitations, due in large part to 
limited knowledge regarding similarities and dillerences between passive and active smoking and 
how to adjust for them in a risk assessment. Legitimate reservations not withstanding, virtually 
all analytic approaches bear some assumptions and weaknesses, and most eonfribute something 
to our understanding. Further development of the cigarette-equivalents approach and (he 
knowledge base surrounding it ma^be worthwhile. Three new method* akin to cigarette- 
equivalents approach are descried in Appendix D. with comments and advice solicited. Several 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/gydlOOOO 


2029047633 





t 


V 


/ 

r 


' j ’ • i r 

’ . , 
DRAFT-DO NOT QUOTE OR CITE 

published examples of the cigarette-equivalents approach follow, Although a risk assessment 
based on the epidemiologic data is preferred in this- report, it is worthwhile to consider the 
spectrum of methods and approaches that have been tried. 

Vutuc (1984) estimates that exposure of passive smokers to cigarette smoke is equivalent 
to 6.1 to 1.0 cig./day actively smoked.’ This relationship follows Repace and Lowrey (1980), 
except that Vutuc adjusts their figures to apply to a cigarette with tar content of 16 mg instead 
of 0.55 mg, as assumed by Repace and Lowrey. For the smoking situations indicated by Repace 
and Lowrey, who found passive smoking equivalent to actively smoking 5 to 27 cig./day, Vutuc 
obtains an equivalent of actively smoking 0.2 to 1.0 cig./day. 

Citing.cigarette-equivalents calculated in other sources, Vutuc assumes a range of Q.l to 
1.0 cig./dayf for ETS exposure. Relative risks for nonsmokers are calculated for 10-year age 

' u 

intervals (40 to 80) based on the reported relationships of dose, time, and lung cancer incidence 
in Doll and Peto(1978). Relative risks for smokers of 0.1 to 1.0 cig./day give a range in relative 
risk from 1.03 to 136. The author concludes that "As it applies to passive smokers, this range of 
exposures may be neglected because it has no major effect on lung cancer incidence." As 
observed by the author, however, the influence of ETS on lung cancer incidence becomes more 
marked in the higher age groups, where the carcinogenic effect of tobacco smoke is strongly, ' 

■'t 

influenced by the duration of exposure. From Vutuc’s Table 1, the increase in incidence (per 
million) in lung cancer for a smoker of one cig./day is 270 at age 79, 130 at age 70, 40 at age 60, 
etc. These values of risk slightly exceed.the acceptable levels typically used by the EPA and 
other regulatory agencies in setting standards for pollutants under their authority. 

Vutuc assumes that his figures apply to both males and females. If an exposure fraction 

of 75% is assumed for both males and females, the range of relative risks given correspond to a 

Y ' . 

range for population-attributable risk. The number of LCDs among NS in the U.S. in 1988 is 
about 6500 females and 3000 males (personal communication from the ACS). The number of 
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LCDs in NS attributable to ETS is estimated to range from 240 to 2020 (140 to 1380 for females 
alone). So Vutuc’s figures are consistent with several hundred excess LCDs among NS in ( th^ 

U.S. These figures are from our extension of Vutuc’s analysis, however, and are not the claim » 

g 9 t 

of the author. » . r >t< m 

Methods 2 and 3 of Robins (NRC, Appendix D) are constructs of the cigarette*equivalents 
approach. In both methods, a range of values is reported corresponding to a range of unknown 
parameter vntues. Method 2 uses an overall relative risk value based on epidemiologic data, bu ir 
also makes some assumptions to appeal to results of Day and*Brown (1980) and Brown and Chu 
(1987) on lung cancer risk in active smokers. The author estimates the number of excess LCDs 

due to ETS, assuming 7000 and 5200 annual LCDs jn female and male NS, respectively. 

* , • 

Adjusting his results to 6500 females and 3000 males (for comparison purposes), the range of 

excess LCDs attributable to ETS is 1650 to 2990 for females and 420 to 1120 for males. 

Robins’ Method 3 ignores the epidemiologic data on passive smoking entirely and 

extrapolates from data on active smoking, along with several assumptions. Applying his results 

to 6500 females and 3000 males, the range of excess LCDs due to ETS is 550 to 2940 for 

4 

females and 153 to 1090 for males. 

Arundel et al. (1987) attribute only five LCps ahiong female NS to ETS exposure. The 

corresponding figure for males is seven (both figures are adjusted to 6500 females and 3000 

' / 

males). The expected lung cancer risk for NS is estimated by downward extrapolation of the 

lung cancer risk/mg of particulate ETS exposure for CS. Their premise is that lung 

✓ * 

eareinogenicity’of ETS is entirely attributable to the particulate phase of ETS, and the 1 

consequent risk in passive smoking is comparable to active smoking on a per mg basis of 

particulate ETS retained in the lung. If the vapor phase of ETS were also considered, the 
\ * * ■ • 

numlier of LCD* attributable to ETS would likely inerease. 
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Russell and coworkers (1986) uw data on urinary nicotine concentrations in smokers and 
nonsmokers to estimate exposure and risk from passive smoking, The risk of premature death 
from passive smoking is presumed to be in the same ratio to premature death in active smokers 
as the ratio of concentrations of urinary nicotine in passive to active smokers (about 0.007). 
Calculations are made using vital statistics for Great Britain and then extrapolated to the United 

* i 

States. The latter estimate, 4000+ deaths/year due to passive smoking, is for all causes of 
death, not just LCDs. 

Repace and Lowrey (1985) describe a cigarette-equivalents approach as well as the 

procedure described previously. One objective is to provide an assessment of exposure to ETS 

from all sources that is more inclusive and quantitative than might be available from studies 
* . < 
based on spousal smoking. They consider exposure to ETS both at home ind in the workplace, 

using a probability-weighted average of exposure to respirable suspended particulates (RSP) in 

the two environments. Exposure values are derived from their basic equilibrium model relating 

y * * 

ambient concentration of particulates to the number of burning cigarettes per unit volume of air 
space and to the air change rate. From 1982 statistics of lung cancer mortality rates among 
smokers and their own previous estimates of daily tar intake by smokers, the authors calculate a 
lung cancer risk for active smokers of 5.8 X ICh 4 LCDs/year per mg tar/day per smoker of lung 

# i 

cancer age. The essential assumption linking lung cancer risk in passive and active smokers is 
that tobacco tar inhaled poses the same risk to either on a per unit basis. Extrapolation of risk* 
from exposure levels for active smokers to values calculated for passive smokers is accomplished 
by assuming that dose-response follows the one-hit model for carcinogenesis. An estimated 555 
LCDs per year in U.S. nonsmokers (NS and FS) is attributed to ETS exposure (for 1980). The 
ratio of total LCDs in 1988 to 1980 is approximately 1.37 (Repace, 1989). With that population 
adjustment factor, the approximate number of LCDs attributable to ETS among nonsmokers is . 
closer to 760 for 1988 (including FS). ■ 
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The potential for bins due to misreported imokinj habits apparently first noted by 
Lee (see discussion in LeHnert, 1984), and has been emphasized by him in several articles, e.g. 
Lee (1986, 1987a, 1987b). In Lee (1987b), it is argued that smoker misclassiflcation may explain 

i 

the entire excess lung cancer risk observed in self-reported NS in epidemiologic studies. A 

hypothetical example is first provided to the reader to illustrate that if 5% of reported 

nonsmokers are actually smokers, and the relative risk of lung cancer of^mokers to nonsmokers 

is 20. then a relative risk as high as 1.75 could be observed for ETS exposure to spousal 

smoking. The example is a little misleading in view of the discussion that follows in the article 

on the results of three separate studies aimed at measuring the accuracy of reported current 

smoking (a cotinine study), the accuracy of reported lifetime smoking (a 1980/1985 follow-up 

study), and concordance of smoking habits in married couples (a 1985 consumer study). 

(‘Marriage aggregation factor* in NRC (1986] and Wald et at. (.1986] is a measure of 

concordance). All three studies were conducted on British or UK subjects ages 16 and above. 

Following review of these studies, the author assumes more refined parameter values. 

The relative risk for smoking is assumed to be 10 instead of 20. The evidence suggests that 

about I.4/2.5 (56%) of misclassified CS may be regarded as’regular smokers’ and 1.1/2.5 (■ 

% 

44%) as only •occasional smokers/ The relative risk of the latter is assumed to be 2.5 instead of 
10. Based on cotinine measurements, 20 of the 689 self-reported NS (2.9%) are treated as CS, 9 
as occasional and 11 as regular smokers. (In the notation of Table B*L this equates to RR(E/C) 
* 6.7). The relative risk of misclassified FS is assumed to be 2.0 (giving RR(L/F) « 2.0 in 
Table B-l). The percentage of reported NS assumed to be FS is 10, equivalent to 21% of the 
(true) FS. No supporting evidenee was found for the 10% figure for FS, but the follow-up study 
does provide evidence that the percentage may be lower for women than men. Applying an 
adjustment for women to the 10% and 21% figures above gives 2.8% and 7%, respectively, for 
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women. (This correction for estimation of risk to women was of little consequence to our 
calculations.) 

The remaining para meter values from Lee (19871-.) needed to apply the formula for 
. adjustment to misreporting bias in Equation B1 are as follows, where the variable identifiers are 
described in Table B-2: (V 1,0.336), (V4.0.025; 0.011 for regular smokers plus 0.014 for 

" ' * t- , 

\ occasional smokers). (V5.0.483)) (V8.-0.181), (VI 1,0.10). (V16.6.7; from a RR of 10 for CS and 

2.5 for FS), and (V20.2.0). The observed relative risk-for a true value of one from Equation B1 

is'1.18. With the correction for women described, U& would be reduced to 1.16. These values 

are close to what the NRC report and Wald et al. calculated for an expected value of the 

observed relative risk when the true value is one. The excess above one is the anticipated bias 
* , * * 
for smoker misclassincation. 

Assuming thit the parameter values specified above accurately reflect the author’s 
description, the method of adjusting for misclassiftcation detailed in Appendix B (adapted in 
* principal from Wald et al. (1986] and the NRC [1986]) does not support the claim that self- 
reported misclassification^puld fully account for the excess risk of lung cancer observed in the 
", epidemiologic data. The lower 95% confidence limit on the overall summary observed relative 
"risk of 1.40 is 1.25, and the 99% lower limit is 1.21, still above the range potentially explained by 
the misreporting of smoking habits alone. 

The study results discussed by Lee for setting parameter values need to be included in thfc 

7 , 

larger pool of related information and study evidence available, particularly for inference on 
'» * 

U.S. women of age 35+ . It appears likely that there are sex-related differences in rate of 
, misreporting^and possibly in other parameters. Age may be a factor. It has not been indicated 
4 whether persons of ages 16 to 30, too young to be included in epidemiologic studies, are • 
representative of the older age groups in terms of rales of misreporting and other factors. When 
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only 20 out of 808 reported nonusers of tobacco ire reclisiified is CS (11 is regular users it a 
relative fisk of 10 or so), a few subjects may have i Urge libpact on the outcome. 

Several further observations on this article may be noted. It is concluded thit the overall 
observed relative risk from spousal smoking to EfS an be explained as bias due to probable 

* i 

overstatement of the number of reported NS. It would follow that the true excess risk is zero. 
Extrapolation of risk from active smoking using average cotinine concentration in smokers and 
NS married to a smoker, however, is recommended in place of analysis of the epidemiologic 

f i 

data. It is concluded that there is a positive excess risk to ETS exposed NS (1.02 for women 

and 1.07 for men). As discussed previously, values in this range cannot be regarded as 

• » 

negligible. , . . 

. ■ r; 

* i » 

4.4. CURRENT ASSESSMENT OF LUNG CANCER RISK 

The data from epidemiologic studies currently available are j evaluated for evidence of an 

elevated occurrence of lung cancer associated with ETS* exposure. Th<^ methodological approach 

of Wald et al. (1986) and the NRC report are adapted with two minor modifications. The 

adjustment for relative risk of ES is calculated by its separate components (CS and FS). The 

second modification is to distinguish between parameter values for 'reported* and 'correct' 

classifications. Some parameter estimates depart from values used by the NRC largely 

} 

reflecting more current evidence and information available in some areas (Section 4.4.2). The 
most significant difference in parameter values is probably in the relative risk of active smoking. 
The value of eight assumed by the NRC is replaced by 12 (from the ACS’s Study CPS-ll, as 

' I i 

reported in U.S. SO (1980)). Following (he adjustment to an overall relative risk estimate for 
miselaviification, a further adjustment is made t'o account for background exposure, i.e., for 
exposure tM-4s’S aside from spousal smoking, the dominant measure in the epidemiologic studies 
.tU distinguish between exposed and unexposed subjects. ; 


4-22 ‘ 05/17/90 



Source: https://www.ipdustrydocuments.ucsf.edu/docs/gydlOOOO 


2029047640 






DRAFT-DO NOfQUOTE OR CITE 

( 

The twice-adjusted RR estimates rombined with the percentage of the population 
exposed ib ETS to obtain in estimate of the population-attributible risk (PAR), the proportion 

i ' : k 

of LCDs in female NS of age 35 and older attributable to ETS exposure. Upper and lower . 
confidence limits on the PAR are determined. These limits are conditional on the population 

exposure percentages assumed Multiplying the PAfi>by the number of LCDs in never-smoking 

.,• * *< 

women in 1988 estimates the excess number of LCDs attributable to ETS. , 

In the final section of this chapter the population-attributable risk is calculated separately 

for each of the 19 case-control studies with data available and the three cohort studies, using the 

exposed fraction of controls from each study in the calculations. The ordered outcomes provide 
• < 

a basis for reviewing similarities/dissimilarities between studies, such as the country of origin 

aitd other study characteristics shown in Chapter 3. Although it.is.likely that the true * * 

differential in ETS exposure for subjects^classified as exposed or unexposed is relatively higher . 

in some sampled human environments than others (probably higher in Japan, for example, as 

discussed by Hirayama and others), comparison of outcomes with study characteristics did not 

• i 

reveal any apparent patterns or study characteristics associated with the findings. 

i i 

4Ai, Combining.Evidence.AcrQH.SMig ■ 

The overall relative risk estimate for case-control studies is determined by the extended 
Mantel-Haenzsel procedure. TheM-H method was applied to case-control studies in Chapter 3 
to test for an association between ETS and lung cancer. This same method is now applied to 

. * . i 

the raw data of case-control and cohort studies to obtain an overall estimate of RR and 
confidence interval. The procedure used in the NRC report (1986, Appendix B) is basically this 
same method (Yusuf et al„ 1985). The method of combining cohort studies, and.then obtaining 
an overall.value for cube-control and cohort studies together, follows the NRC procedure. ' 
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The case-control studies included in the analysis and their observed relative risks from raw 
data are in Table 4-1 (also see Table 3-5). Two studies, SHIM and VARE are excluded because 
the raw data were not available. The overall estimate of'relative risk for the 10 case-control 
studies and three cohort studies in Table 4-1 is 1.41 (95% C.I. 1.26, 1.57). This value may be , . 

compared to 1.32 (1.16, lil) in the NRC report for females (three cohort studies and ten case- 
control studies), and to 150 (13, 1.8) determined by Wells (1986) from three cohort studies and . 

* i 

14 case-control studies. The shortest confidence interval is for the analysis of this report, 

«-4 

indicating that the additional studies since the NRC report have reduced the statistical , j, 
uncertainty in the estimated RR as would be anticipated. The higher estimate of relative risk in . 
Wells’ analysis is largely due to the choice of studies.' The study designated as CHAN, reporting 

a 4 

a relative risk value of only 0.75, was excluded by Wells but was included in th’tf NRC report and 
in our analysis. 

The summary RR of t,41(1,26, 1.57) in this report is from the combined values of 1.42 
(1.24, 1.63) for 19 case-control studies and 1.39 (1.15, 1.67) for three cohort studies. These * 
figures are almost identical, so the results of one type of study reinforce the outcome from the 
other type. The consequence of combining the two summary outcomes is essentially just to 

r' - j 

shorten the confidence interval which is equivalent to reducing the standard error of the 

estimate of RR. For U:S. studies alone, the RR is 1.25 (1.03. 1.52), the combined RR from 

seven case-control studies is 1.34 (1.00, 1.79), and GARF(coh) is 1.18 (0.90, 1.54).. 1 

f ' ^ • 

Adjustment for smoker misclnssificalion, using the method and parameter values described 

below, reduces the overall ol>served relative risk of 1.41 (1.20, 1.57) to 1.28 (1.12, 1.45). 

Modification for background exposure to ETS raises it to 1.48 (1.21, 1.87). The NRC 

committee, with eight fewer case-control studies, obtained an overall summary' value of 1.34 

( 1 . 18 . | 53) for both men and women that was adjusted to 1.25 (with 1.15 to 1,35 possible) for 

misclassitication, and then to 1.42 (“ranging" from 1.24 to 1.01) for background exposure. The 
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values for women alone should be onix slightly lower judging from the initial overStl relative risk 


of 1.32 for women. 


(<: yr$ nf mv/?T yr»W*»j-*-.* 


' i • 

, • The reduction formula for mbreporting current smokers (CS) and former smokers (FS) a* * 
never-smokers (NS) is described in Appendix B. The general equation (Bl) is accompanied by 

a description of parameters in Tables B-l and B-2. Alternative specification of parameters in 

• 1 r « ‘ 

term* of ’reported' and ’correct’ value! it jometimes useful. The algebraic relationships for this 
conversion are shown in Table 8*3. The description of parameter values used to adjust for 
smoker misclassification in this report follows, with variable identifiers in parentheses for use 


with Table B-2. 

/ • • 

The percentages of reported CS, FS, and NS are 


21.3, 24.^and 54.7, 


respectively (V12, 


V15). These values are obtained from the ACS’s study CPS-II (Stellman and Garfinkel, 1986) 
except that 3% of the reported •never-smoked regularly" (56.4%) were reclassified as FS, leaving 
54.7% estimated NS (see footnote d, Table 2, of U.S. SG (1989))., The KRC report arid Watd et 
al. (1986) use 25%. 15%, and 50% for CS, FS. and NS, respectively, from a study of smoking 

f 

habits in the U.K. 

i 

The percentages of reported NS who are misclassifled as CS and FS are 2 (1.5, 2.5) and 4 

f I 

(2, 6), respectively (VI, V2), where the parenthetical values denote a reasonable range. Wald et 
aj. describe evidence to support values of 1.6% and 4.9% for these parameters respectively. Lee 
(1987b) makes a case for 2’5% (1.1% for regular smokers and 1.4% for occasional smokers) and 
assumes 10% for miselassified CS and FS, respectively (both males and females.) Adjusting the 
10% value to reflect a lower rate of misreporting by females (Lee, 1987b) would make it 2 8%. 
Cummings (1989b) found that iix subjects of u total 66-9 (1%) reported NS ^nd FS were > 
misreported CS (urinary cotinine above 90my/dL). Jarvis et a!. (1984) found that 21 of 124 
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reported nonsmokers (17%) were CS based on biochemical markers. This high rate was 

found among elderly patients attending clinics for smoking*reUted disease, whose doctors had 

• > * . 

frequently urged them to give up smoking. 

* ♦ 

The percentages of misdassified CS »nd FS who are exposed (married'to a smoker) i re > 

both 85 (71, 92) (V5, V6), These values.correspond to an exposure percentage of 60 (45, 75) 

(V4) for reported NS, and a marriage aggregation factor (MAF) of 3.07 for females (from Lee, 

* * ■ •«* 

1987b). (The MAF.is the ratio of cross-products, i.e„ the odds ratio, in a 2-by-2 table of 

» • ’ 

• < • 

smoking status of subject by smoking status of spouse. The MAF is assumed to be the same for 
NS compared with either CS or FS). Table 12-7 of the NRC gives MAF ■ 3.1 for females^i 
value communicated from Wald et al. The NRC report considers values of 2-5, 3.5, and 4.5, 
with 3-4 likely. _ 1 

Evidence suggests that CS and FS who are misdassified as NS are likely to be only light 
smokers and that misdassified FS have typically stopped smoking several years previously (Wald 
et al., 1986). Estimates of relative risk for CS and FS (females) are 11.94 (9.99, 14.26) and 4.69 

(3.86, 5.70) for 1982-1986 (ACS’s CPS’-II Study, as reported in JJ.S. SO (1989)). Our report 

v * > 

assumes the relative risks of misdassified CS and FS are 5.95 (5.0, 7.15) and (197 (2.7, 3.86) 

(V7, V8), respectively (discussed and compared with other sources below). If exposed, the 


■x 


values are incremented by the excess risk from exposure to ETS (1*V(9)) to obtain variables 


V10 and VI1. (Technical Note: Equation (Bl) is implemented by setting a value for V(9) along 
m * * 

with other parameters to-obuin a corresponding value of RRO. To find the value of RRM that 
corresponds to a specific value of RRO may require a few iterations from the starting point , 
chosen for RRM.) •' * 


Parameter values for the RR of CS and FS misrepdrted as NS have been determined in 


other sources from the information available for the relative risk of smokers and FS in general. 
To compare our parameter values of the RR fo^CS.anU'FS misdassified as NS with those of 


CS.aml* 
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other authors, their formulas for reducing the RR of CS and FS who are misreported NS have 
been applied to the RR figures from the CPSTI survey given above. For, misclassified CS, the 
results aie-NRC (1986'); the range from 3.0 to 6£; Wald et at. (1986): 3.8(3.3, 4.3): Wells. 

. (1988): 4.6(4.0, 5.4); and Lee (1987b): 8.0(6.7, 9.6). Ail but the last entry.are below the value 
6.0(5.0, 7.2) in this report. For misciassified FS, the figures in these sources would be-NRC: 
the range from 3.0lo s 6.0; Wald et aL: 1.9(1.8, 2.1); Wells: 1.9(1.*8, 2.1); Lee: 3.0{2.5, 3.6). The 

„t'fl ’ \ . ", \ 

entry is comparable, to 3.0(2.7, 3.9) of this report, ^ ■ 


For the parameter values described above for this report, a true relative rislc of 1.00 - 

. * 

corresponds to an observed relative risk of 1.14, a 14% inflation due to smoker / 

■ * * 

misclassification. For each of the parameters with a range of input values (shown in 

\ 

parentheses), the lower and upper values in the parentheses were also applied, leaving the other 

. = * 

parameter values fixed. The marriage aggregation factor varied between 2.0 and 4.0 as well. 

. # v 

The observed relative risk did not exceed 1.19. The 95% lower confidence limit on (he overall 
observed relative risk from the epidemiologic data is 1.25, still well above the likely range 
explained by misclassification. (Xhc_99%Jower confidence limit is approximately 1.21, still v f 

»_D ~ ( ^ 

above the explainable range). Only one’pararoeteNq^ set at art extreme value at one time In 

the sensitivity.testing, and it is not improbable thatvsome combination of parameters chosen this 

V . . . 6 

way would.produce a value exceeding 1.25. But the observed*ri$ks from the epidemiologic data 

. • ‘ . , 
appear unlikely to be^explained by misclassification alone, and no single parameter within a 

* * • •’ “ " • 

* ' A. 

plausible range alter* Ihat conclusion. ,• 
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4.4.4. Adjustment to Relative. Risk for-Background Exposure 

•■i 

The relative risk of ETS In epidemiologic studies is relative to the baseline risk of a 
female NS married to a nortsmoker, who still has some background level of exposure to ETS. , 
Some assumptions are required to approximate the lung cancer risk due to background exposure 
to ETS. A' means of estimating the proportion of total ETS exposure that is due to background 

A. 4 “ + f 

inlta exposed individual (actually exposed to background and to spousal smoke) is needed. The 
NRC report compared average cotinine concentrations in'exposed and unexp^ed persons. 
Assuming that lung cancer risk from passive smoking is linearly related to cotinine 
concentrations at these tow doses, lung cancer risk of passive smoking can be estimated at the 
higher exposure level (background plus spousal smoking, applicable to an exposed person) and 

j 

art the lower exposure’level (background only, applicable to an tinexposed person^ith both 

* 1 * 1 

• <r 

estimates relatives the risk of lung cancer risk from zero exposure to ETS. 

Background ETS appears to constitute about one-third of the total ETS exposure of a NS 

* , 

married to a smoker, if cotinine concentrations'are used as an index of total exposure. The 

’S 

ratio of average cotinine concentrations in exposed to unexposed married NS ii assumed to be 
three in the NRC report, based on evidence from Wald and Ritchie (1984|. The Wald and 

Ritchie study applies to men, but Lee (1987b) reports a ratio of 1/.3 (■ 3.3Jfr^womerT^ 

; /' 

Coultas et ;tl. (1986) report a ratio of 3.41/1.4S (* 2.35) from saliva examine levels in a 

population-based surve^of Hispanic subjects in New Mexico Thfje ‘ n rt; P ort (X * 

3 in Equation B2). along with the assumption that artinine i< a-tonslant multiple of the 

* / 

carcinogenic potency of ETS at low doses. Applying the Method used by the NRC (Appendix B 
of this report) to take background exposure into account changes the overall RR estimate 
adjusted for misclassilication from 1.2S (1.12, 1.45) to 1.4S (121. 1.87) for female NS. It shotild 

be noted that the meaning ol RR is changed with this adjustment-from meaning relative to the 

\ 

risk Irom background ETS li> meaning relative to the risk at zero-ETS exposure. (Note* There 

.. / 
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is an important distinction between the use of cotinlne as i surrogate dose for ETS to estimate 

' 1 

lung cancer risk from background exposure and its use in the cigarette-equivalents approach 
(Section 43). In the latter, the contention centers around the assumption that cotinine (or 
anything else,’ such as respirable suspended particles) is an equivalent dose surrogate for both 
passive and active smoking, i.e., that equivalent uptake in passive and active smoking implies 
equivalent carcinogenic risk.) 


' The number of LCDs in U.S. female NS in 1988 is estimated to be 6500 (3000 for male 
NS). The 6500 figure includes both married and unmarried NS. The ACS’s CPS-Il Study 
(reported in SteLiman and Ga'rfinkel, 1986)*percentages for marital status of all women surveyed 

'iA* \ > * 

(not just NS) are: ^married, 753; divorced 5.1; widowed, 14.6; separated, 0.8; and single, 4.2, 

Our estimates of risk apply to^married female NS, about 75% of female NS, so it is necessary to 
consider exposure to ETS in the remaining 25% of unmarried NS. 

Cummings (1989b) obtained urinary cotinine levels on a total of 663 self-reported NS and 
FS. The cotinine levels were only slightly.higher in males than females (9.6 and 8.2 ng/mL, 
respectively), and slightly more than half of the subjectswere females^ Th$ average cotinine 
level (in ng/mL) was 10.7 for married subjects if the spouse smoked and 7.6 otherwise (all units 
in ng/mL). Interestingly, the average cotinine,levels reported by marital status are: married, 

8.3; never married, 10.3; separated, 11.8; widowed, 10.4; and divorced, 9.2: The study, which 
includes 7% of age 18 to 29, and 47% of age 60 to 84. does not claim to be representative. 
Nevertheless, the results suggest that in terms of ETS exposure, an unmarried NS is probably 

closer, on average, to a NS married to a smoker (an exposed person) than to a NS married to a 

* 

nonsmokcr (an unexposed person). This observation is also consistent with the findings of 
, Friedman et al. (1983). . '■'+>). 
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The percentage of married female NS who are married to smokers is assumed to be 60, 
with a plausible range of 45 to 75 (Section 4.4.2.). The choice of exposure percentages js hnsed * 
on the distribution of values observed in the epidemiologic studies (Table 3-2 and Figure 3*1)., 
From the discussion of exposure to unmarried female NS above, it is reasonable to assume that 
exposure to ETS, on average, is at least as large as the sum of 60% of the higher exposure level 
(from spousal smoking plus background) and 40% of the lower exposure level (background 
alone) experienced by a married female NS. For the calculations needed from these figures, this 

f 

assumption is equivalent to treating unmarried and married female NS alike, in terms of . 

exposure to ETS (60% exposed at a level equivalent to spousal smoking plus background and 

40% exposed at the background level). Alternatively, average exposure in the population of 

female NS (including marrieds and unmarrieds) is assumed to be at the background level plus 
• t 
• 4 

60% of the exposure from spousal smoking. The percentages assumed by others in the 
literature have varied: 82 (Lee. 1987b), 76 (We^s, 1988). 59 (Wald it a!.. 1986). and 17 (NRC, 
1986). The NRC percentage was taken from a sample of urinary cotinine bio'assays appearing in 
Wald and Ritchie (1984). The 17% figure isjik^iy much too low to be representative of the 

* * f I 

population of interest. 

The population-attributable risk (PAR) for women is the proportion’of LCDs in female 

it 

NS per year associated with exposure to ETS. Multiplying it by the total number of LCDs in 
female NS gives the number of excels LCDs per year from ETS exposure, i.e„ the number 
attributable to ET„S exposure. For calculation ot PAR in this report, the percentage ol NS 
exposed to ETS is assumed to be the same for marrieds and"unmarrieds (60% as discussed 
above). The PAR for the 60% assumption in women is 0 27 (95% C.l. 0.14, 0.41). (Technicalt- 


Note:' The calculations are from Equation B3 with P(E/N) » 0.6, RKM ■ 1.2S and RRUT 




- y* 


I.4S, The.conlidence interval is calculated by using the upper and lower confidence bounds for 
RRM and RRB in Equation D3. The confidence interval is conditional on the exposure 
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percentage of 60%)'. Multiplying the PAR by 6500, the number of LCDs m female NS in 1988, * 
gives 1750 (910, 2660) estimated LCDs in female NS in 1988, The number of LCDs in male NS 
is probably about one-half the number of females, although the evidence for males is scant in 
comparison to females. The available dnfn indicate that the risk to male NS is not likely to be 
smaller than for female NS. Applying the PAR value of 0.27 to the total number of LCDs in 
male NS (3000), gives an estimate o£8l0 LCDs per year in male NS due to passive smoking. 

For both sexes combined, the annual number of LCDs in NS attributable to ETS exposure is 
about 2500, with a range of 1300 to 4000. 

A^figure for FS also needs to be included in the estimate of LCDs attributable to ETS 
since they constitute a large segment of the population. Repace and Lowrey (1985) and Wells 
(1988b) estimated the risk to FS. Sandler et al. (1985) and Geng et al. (1988) found, 
respectively, an increased total cancer risk and an increased lung cancer risk in active smokers 
as a result of passive smoking. Sandler et al. found that relative to active smbkers who had no 
other smokers at home, smokers who had\ane, two, or three or more smokers at home had 
increased risks of (total) cancers of 40%, 120%, and 160%, respectively. (To calculate the annual 


number of LCDs in FS attributable to ETS, RR is assumed to be the same for FS and NS. The 
figure calculated for FS M* 1260 (540 women and 720 men), making the yearly total of LCDs 

attributable to ETS approximately 3800. Data on the number of FS in the US. population and 

• — 

the calculationa! details are included in Appendix B. 

The 3800 figure is based on a population exposure percentage of 60, the mid-point in a 

I plausible range of 45% to 75%. The results, however, are not very sensitive to the exposure 

percentage. If 45% (75%) is assumed instead of 60% in the preceding calculations, then the 
♦ 

yearly total of LCDs attributable to ETS is approximately 3500 (4100) instead of 3800, This 

, ' * , \ 

xange, 3500 to 4100, corresponds to the plausible range of the exposure percentage, 45%'to^ * s . 

. / 

. 75%, for the estimate of RR after adjustment for misclassification (RRM »1.28) and correction 
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for background exposure to ETS (RRB ■ 1.48). The RRM and RRB figures are based on the 
epidemiologic studies of female NS married to smokers and the simple linear model using 
cotinine concentrations to account for background exposure to ETS. Ninety-five percent ’ ■ 

confidence intervals are available for the population values of RRM and RRB, given by (1.12. 

1.4S) and (1.2.1, l.|7), respectively. Calculating PAR from the low (high) value of the plausible 
range of exposure percentages, 45% (75%), and low (high) values of the 95% confidence 
intervals for RRM. U2 (1.21), and RRB, 1.21 (1.87), provides estimates that are probably too 
low (high). Using these values to recalculate the population risk provides numerical markers for 

low and high extremes of the estimated number of LCDs due to ETS. These markers are 

• , ■ ' . j 

approximately 1800 and 6100. 

In summary, the estimated total number of LCDs per year due to ETS exposure is 38(50. 

It is approximately the sum of estimates for NS females (1750), NS males (810), FS females 
(540), and FS males (720), assuming a 60% exposure rate. Using the lower (upper) confidence 
limits for RRM and RRB and the lower (upper) end of the plausible range for exposure 
percentage gives approximately 1800 (6100) total LCDs per year due to ETS. These low (high) 
totals consist of NS females 820 (2800), NS males 380 (1290), FS females 250 (860), and FS . 
males 330 (1150). Characterization of the population risk is based on data for female NS from 
22 epidemiologic studies of varied design and protocol conducted in numerous locations under - 
ordinary environmental conditions. Extension of these results to the populatibn of all U S. 
nonsmokers is not without uncertainty, but is probably conservative. It fs unlikely that the true 
number of LCDs per year in U,S. nonsmokers lies outside the interval defined by the two 
extreme values, 1800 and 6100. 

\ * 

4.4.6. Adjusted Relative Risk and Population-Attributable Risk by Individual-Study 

The estimates of RR for lung cancer from ETS exposure have been statistically combined 

s 4 
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to give an overall estimate and confidence interval. The overall observed value (RRO) was 
adjusted for possible misclassification (to be called RRM) and for background exposure to ETS 
(to be called RRB). The latter 'correction* wu to make the risk estimates relative t» zero- 

^ , r 

exposure. ^ 

Combining results from all studies increases the statistical power to detect an exposure 

> 

effect on lung cancer. Aside from weighing each study’s results according to a measure of 
statistical uncertainty (influenced but not solely determined by sample size), studies are treated 
as if they were qualitatively equivalent and as if the "true* RR were the same in all 
environments studied. Qualitative differences exist in all studies, but there is little basis for 
quantifying them. The true values of RR being estimated depend on both the study design and 
protocol. Culture, environment, and life-style would influence inter-study differences. In 
particular, one might expect these factors to contribute to inter-country variability in the 
epidemiologic data. To extract this source of variability statistically would require multiple 
studies, similar in design and execution, from each country. Although there is more than one 
study from several countries among those analyzed (China [2), Hong Kong [4], Japan [2], 

- Sweden (2), U.S. [8]), the studies are not sufficiently similar within countries to test variability. , 
In particular, there is considerable dissimilarity between the U.S. studies, and this probably 
contributes to their wide ranging results. 

The observed relative risk from each study is adjusted for misclassification and 
background rate and the PAR is calculated to evaluate the dissimilarity of results. The 
percentage of exposed NS for a study is taken from the observed percentage among controls of 
the study (Table 3-2 or Figure 3-1). The exposure percentages for C$ and FS are then 
calculated assuming a marriage-aggregation factor of 3. The same exposure parameters are 
used in both the calculations of misclassificd smokers and the population-attributable risk. 


By using 95% confidence limits on the RR estimate for each study in the calculations, 
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limits are obtained for the PAR. Interpretation of these limits is conditional’on the percent • 
exposed, which is a random variable. Aside from the exposure percentages described above, the '* 
values and method of calculation are the same as used previously in Section 4.4, The results of 

adjusting each study’s observed relative risk for misciassification are shown in Table 4-2. 

* • 

(Technical Note: The overall observed RR, denoted by RRO, is corrected for misciassification 

(RRM) and then for background exposure (RRB). The excess RR for background exposure is 

% 

approximately RRB • RRM, which applies to all NS. The additional excess risk to the 
proportion of.NS exposed to ETS -equals RRM-1.) A minus sign (•) in Table 4-2 indicates that 
the observed excess risk after adjustment for misciassification is negative, i.e„ the adjusted RR 
< 1. The adjustment for misciassification decreases as the observed relative risk increases and 
is treated as negligible for values above 2.5. The observed value that would correspond to a. true 
RR of one was also calculated for each study. These range from 1.12 (BUFF) to 1,22 (BROW), 
and cluster from 1.13 to 1.16. The excess risk from background exposure to ETS shown in Table 
4-2 was arbitrarily limited to 0.2. When the excess risk after adjustment for misciassification is 
zero, a correction for background is not appropriate. The values for PAR have associated 
confidence intervals predominantly with a lower limit of zero (the minimum) and an upper limit 
in the range 34<& to 759c. Exceptions include the case-control studies CHAN and TR1C, and 

l 

the cohort study HIRA, with percentages of (0.13), (3,58), and (14,49), respectively, 

The estimates of PAR and their upper confidence limits arc rank-ordered in Table 4*3. 
Probable values are shown for three studies in which the calculation could not be made due to 
insufficient data. The studies with a zero estimate of PAR were reviewed to see if some 
common characteristic might be apparent. Remarks about some of those specific studies follow. 
The studies with an estimate of zero PAR will serve to indicate some possible sources of 
disparity in results across other .studies as well. 

WU includes only pjlients with adenoma (ADC) or small cell carcindma (SCC) of the 
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lung in their caw group*. Their results overall are somewhat ambiguous regarding ETS 
exposure, which the authors attribute to the lesser etiologic role of ETS for ADC compared to 
SCC. Th'e number of SCC observed, however, was too small to warrant quantitative ' * 
comparisons. Of 29 ADC cases, 12 are bronchoalveolar cell carcinomas, which Corren et al. 
(1983) found to have only a weak association with passive smoking. GILL(Coh) reports thn{ 
insufficient time had elapsed since completion of the recruitment phase of their cohort study.to 
observe a sufficient number of cases to allow firm conclusions. Only six instances of lung cancer 

i 1 - 1 

in exposed females had occurred/In BUFF, exposure refers to having ever lived with a 
household member who smoked regularly. Exposure is not limited to spousal smoking, nor to 

any relative time-frame for duration of exposure. This broad definition of exposure possibly 

& . 

includes subjects who experienced little total exposure from ETS over the past 20 to 30 years. 
The high percentage of female controls exposed to ETS (84%) leaves a relatively,small 
percentage of unexposed subjects. • ' 

KABA is one of the smaller studies in this report (24 cases and 25 controls,- total). 
Exposure refers to current or past smoking of a spouse. "SHIM, listed in Table 4-3 as a 
•probable O* found no association between risk of lung cancer ind smoking by husband^ 
fathers, siblings, or coworkers, A high correlation was observed, however, with smoking by the 
father-in-law (p < 0.005), which the authors describe as plausible in the Japanese society (see 

i . 

Appendix A). The unpublished study by Varela (1987), denoted as VARE in this report, £ 
quite Urge and warrants further attention. The author detects no effect from exposure to 
spousal smoking, but does find a significant increase in lung cancer incidence at t very high total 
exposure to ETS (spouse has smoked 150 person-years, in the author’s terminology) (see Figure 
3-4). Unfortunately, the pertinent data from this study are not included in the source for'this 
report. Attempts to obtain these data from the authors have been, thus far, unsuccessful. 
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TABLE 4-2. ADJUSTED RELATIVE RISKS AND POPULATION' 
'-•v* RISK OF INDIVIDUAL STUDIES (FEMALES) 


ATTRIBUTABLE 


Study 

Percent 
• . controls , 
exposed 1 * * 4 

RR adjusted 
■ for misdassJ* 

(RR M) 

Excess RR from 
background^ 
(RRB-RRM) 

”* Population 
attributable 
risk M 

AKIB 

70 

1.42(-,2.62) 

* 0.2 (0.0.2) 

.73(0.57) ‘ 

BROW 

15 

■ 1.35(..5.99) [ 

• 0.2 (0,0.2) 

20(0.49) 

BUFF . 

84 

. - (-.1.83) 

0 (0,0.2) 

0(0,47) 

CHAN 

, ' 47 

• ' - (-.1.1 sy 

0(0,0.08) 

V ,0(0,13)' 

CORR 

• 46 * 

2.00<^.20) 

K . 02(0,0.2) •: 

40(0,68) 

GAO 

. ' • 74 * 

1.06{*,1.64) 

, 0.03(0,02) ■ 

7(0.40) 

GARF 

61 

U9(..1.91) 

. - 0.11(0,0.2) 

18(0,43) 

GENG 

: 44 

2.I0(.,4.28) , 

02 (0,0.2) 

' '' 4.1(0,62) 

HUMB 

v >’ 56 • 

2J!(.,6.61) 

. 0.2 (0,0.2) • -• 

jjf(0.77) 

KABA 

60 . 

• (.,2.45) 

\ • 0 (0,02). 

0(0,52) 

KOO 

49 ■> 

1.44(*2.67) 

0.2 (0,0.2) ' 

. 29(0,50) 

LAMT 

45 

/ 1.34(1,235) 

■ 0.2 (0,0.2) * 

31(0.45) 

.LAMW 

44 

/' 2.01(0.71) 

0.2 (0,0.2) ’ 

39(0,58) 

LEE , 

' 68 

! ■" . • (-2.56) 

• i 0 (0,0.2) . 

0(0.56) 

PERS 

43 

1.13(02.09) 

0.07(0,0.2) 

*, f 

6(0,40) 

, SVEN - ’ 

r/> 

1.14(-.2.81) 

0.08(0,0.2) 

15(0.58) 

TRIG 

43 

2.07(1.0.7,3.81) 

.0.2 (0.02.02) 

40(3.58) 


NVU 

HIRA, (Coh) 
GILL (Coh) 
GARF (Coh) 


• (0 24) 

1.5.1(1.13,2.05) 
- (•.4.9!) 

1.05( -.1.44) 


0 ( 0 , 0 . 2 ) . 
0.2 (0.07,0.2) 
0 ($ 2 ) 
0.03(.,0,2) 


0(0.62) 

37(14.49) 

0(0.75) 

7(0.34) 


1 Values in parentheses are calculated from confidence hounds. , 

'.Adjustments considered negligible for values of 2.5 or greater. 

Minus signs indicate a negative excess risk. 

‘ Values truncated at 0.2, assumed to he a reasonable upper limit on excess rkk for this exercise. 

4 See Appendix* 0. 
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VTADLE 4-3. POPULATION-ATTRIBUTABLE RISK BY STUDY (FEMALES) 


Cc^ntry 

Study, 

Estimate 

1 * 1 

Confidence limit 4 

Hong Kong 

CHAN 

0 ' 

s 

r t* 

13 ,<• „ < 

U.S. 1 

BUFF 

0 

47 

u.s. \ 

: ■ KABA 

o • 

52 

U.K. \ 

LEE 

$ ■' 

56 ’ < 

u.s. w 

WU 

0 

* i.’iin : *.-v■ 62 ' > 

Scot. \ 

GILL(Coh) 

0 

75 n 

Sweden 

PERS 

6 • 1 tJ r* 

-V. .40. ... :M ,i 5- 

• U.S. 

GARF(Coh) 

7 

34 . ' t 

China 

GAO 

7 V 

. 40 j -t 

.Sweden 

SVEN 

15 


U.S. 

• garf 

. 18 - 

:•••-. ■’ 43 ^7 • • : 

u.s. v , 

BROW . 

20 

49 t 

Hong Kong 1 ' 

' ur KOO 

29' •*. n / 

■ "... • 50 l 

Hong Kong 

* ' LAMT l 

31 ■ 

2 ■ 1 

Japan 

AKIB 

33 1. ' 

' 57 . r. .. 1 

Japan 

HIRA(Coh) . 

37 . 

2 ; j 

Hong Kong 

LA MW 

39 

48 3 

Greece 

TRIC 

40 

04 

oo 

U.S. . 

CORR 

40 

68 s 

China 

GENG 

41 

62 . 

US. 

. HUMB 

48 

77 • 

U.S. 

vare* 

0 

* 

Japan t 

SHIM 1 

0 • 

• ' ? 

v 

Japan 

INOU 1 

. 70 

^ | 


1 Insufficient information to calculate. Estimate shown is a guess. 
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Our remarks above pertain to studies that estimate jero.atlributable risk, It is easier to 

t* ' r 

depict study characteristics that reduce the’like!!htxxl of delating an effect.than to speculate 

m; 

why a study may have concluded falsely that there is an effect. A false positive conclusion could 
result from an undetected causal variable that is correlated wuh ETS exposure. The likelihood 

of a false negative conclusion is enhanced if the sample sue is small or the study differentiates 

' •’ • • : .1 

'poorly between exposed and unexposed subjects. . * ? *7 

' ' v * '■ i 

l • ^ ' ‘ . * A . -. .4 \ , 

- The cohort study (n Japan (H1RA) provides strong evidence of an increased lung cancer p/ 

* # t " 1 ' 1 .? 

hazard associated with ETS exposure. Consideration of plausible confounding factors and _ 

/ * ' * . ’ ,-■}* ) , 

covav lihles has not produced an alternative explanation, and implication of ETS as a causal *. *1/ 


/factor is biologically plausible. The mixed results! of epidemiologic studies in the USUtiky be 

* \ v ■ • •' 

partly due to statistical chance and study differences that affect the power to detect a lung t 


cancer effect from exposure to ETS. There is alsolevidence to suggest that‘exposur^ v ‘ ‘ ^ 


differentials from spousal smokingrrtay 


be larger ifuJapan, andpossi 

_ ‘_• - ‘ .i'.tr ? 


Wy some other countries, 


than in the U S. This would make a cancellated effect more difficult to detect in the U.S., 

..... A _ *_ ._ 


An estimate of U.S. PAR from evidence 


Prediction based on the overall wmim/f dfc/ifcAU the study data while 

mitigating but not ignoring 


t lead to an overstatement. 


«■ suMMARYANDc6, ^i^^., ■ 

Th« overall summary 'Wrwta by th« NRC (for * 

.'b Ji$\ i't .m :V^T' ■ 7 ■ ' 

10 casc*cuntr<4 and y cohort MlwSftjfwi-5^). The corresponding value in 

this report (for I 4 ) case*ctthtrt4 ahil A'wKort .studies) Is Ml i( liK, 1*57), The effect of nine" 

additional case •cunt ml studies In the analysis of (his report is lo increase the RR from 1.) to 1.4 , 

and to reduce the width of the confidence interval.* (Both changes increase the statistical 

i .. . '* <• , 'i J •, . 

.significance.) The overall*URs ffx the V> case-control .studies l>y themselves, and fyr the three. 
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cohort studies by themselves, are nearly identical, even though the two types of epidemiologic , '• 

’ «• "'/‘•P* 

studies h«-e their own strengths, weaknesses, and potential sources of bias. The evidence-from 
the thS. studies, however, is weaker than for non-U.S. studies. The summary RR from raw data 
for seven U.S. case-control studies is 1.34 (95% Cl.YoO, 1.79). For the 12 non-U.S. studies 

t \ 

with raw data (all but two studies), the corresponding estimate is 1.45 (95% Cl. 1.24, 1.69). The 
overall summary RR for all U.S v studies (from seven case-<?ontrol studies and one cohort study) 
is 1.52), which is statistically significant (p - 0.025 for a one-tailed test). 

N + 

The overall RR for women NS is adjusted downward to 1128 (95% Cl 1.12, l.45) # using a ^ 

v 

modeling approach similar to that of NRC/Wald to estimate bias from smokeT misdassification. 

Parameter values for the model were taken from recent source*. The adjusted estimate of RR 
, ' -* > * ■ * . 
is 'still statistically significant (p < 0.01). The paramete^ values atso were varied over a plausible 

range (one at a time, but not jointly), leading to the conclusion that observed value* of overall 

RR of up to 1.19 are consistent with a true RR of 1.0, i.e., could arise from misreporting bias . 

alone. Although possibly substantial, misreporting bias is not sufficient to explain the entire 

excess risk associated with ETS exposure. f ^ 

Based on these analyses an.d fallowing the U.5. EPA guidelines for carcinogen risk 

1 

assessment (Fed. Reg, 1986), EPA concludes that environmental tobacco smoke is a Group A 

(known human) carcinogen. This conclusion is based on a total weight of evidence, principally: * 

: • ■ * . * ': 

• Biological plausibility. ETS is taken up by the lungs and distributed throughout the 
body. The similarity of carcinogens identified in SS and SIS along with the established 
v causal relationship between lung cancer and smoking make it reasonable to suspect that 
ETS is also a lung carcinogen. y . 

1 , ‘ ' J ’ ' > ’ I l, 

;P • Consistency of respond. The two completed cohort studies and sixteen of the 21 case 
control studies ob^crveiha higher risk of lung cancer among the femat 


cr^nSokers 

. classified w exposed to ETS. Evaluation of the total study eyiderCe’fronv several 
; * perspectivesleads to the conclusion that the ofnencdj^flation between ETS 
exposure and increased lung cancer occurrence ts ty^aiiributaWe to chance. 




y 
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• Upward trend in dosc-responxe. Of the two major cohort studies, the Japanese stgdv 
‘ (Hirayama) demonstrates a strong association Mween passive smoking and lung 
^ .,i ? ^.cancer, includingan upward trend in dose-resjxmse. The upward trend is well 

supported by the preponderance of evidence in the 13 case-control studies that N _ 

classified data by exposure level, The Mirayama study has undergo’.*: extensive critical^ 

•' ' review that led to some corrections and revisions hut failed to discredit the findings. 

^ Differences in lifestyle and culture may be'a factor in the Japanese study reporting a 

stronger aiiddfatldh between ETS and lung cancer than the African study (American 

i Cancer Society).. /W ■* 

‘*7 : • - v 9 U . .. ■; ■. •. . , .. Uf y / ,. « 

>' M ; > Detectable association! aVenvironmertuI exposure levels. Within the population of 

women who are lifelong riorismokerv the excess lung enrwer risk of those married to a 
smoker is large enough to be observed. Carcinogenic responses are usually detectable 
only in high exposure circumstanced such as txvupitional settings or in highly do'sed 

, „ • . r , experimental animals. ^ ; , 1 .* •**' \,;T£T v-V T. 

■ • ■' ■ , •' ■wv/.vr v.. 

, « Broad-b«etJ evi«Jertc«. The 21 <a»«ontrol and lhre« pfonxctly* ^ibUies |>fovld« data SMMi, 

.. from eight different countries and from a wide variety of »tudy ddign* and protocol! 

:• */ conducted by many different research teams. No alternative explanatory variables for 

‘ » the ol>served association between ETS and lung cancer have been indicated that would 'K'§W>' 

_ be broadly applicable*acrou studies, ' ^ 


ITS and lung cancer have been indicated that would 

»• 1 ■' 

■ potential bias; Current and ex.snwkir??hay be - 


. • Effects remain after adjustment for potential bias. Current and ex-srm^kmrhay be . 
misreported as never-smokers, thus inflating the apparent cancer risk from ETS - 
exposure. The evidence remains statistically conclusive, however, after adjustments for • 

. \moker misclassiflcation. The summary estimate of relative risk from raw data of both 
the case-control and cohort studies is 1.41 (95% Cl. 1.26, IJ7) before adjustment for 
* misclassificntion and 1.28 (05% Cl. 1.12, 1.45) afterward (p < 0.01). 

To estimate the number of LCDs per year due to passive, smoking, a further adjustment to 

RR is made to correct for background exposure to ETS, i e* to make the estimate relative to 

zero ETS exposure. This additional adjustment leaves the overall RR estimate for female NS at 

I.4H (1.21. I.H7). This same estimate is assumed lor the relatively small number of male NS 

with a spouse who smokev The available data on males suggests that the risk is at least as high 

as for females. It is assumed that (41*7 of the population ol lem.ile NS of age 35 and over are 

exposed to ETS at levels equivalent to being married to a smoker, and that the remaining 40 r c 

are exposed to .in average background exposure level (equivalently*average ETS exposure in the 

population of female NS is (Mr ol the way from the lower exposure level (trom background 

ins alone) toward the higher e^Ttsure level (Irom spousal smoking and background) It is 
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estimated that about 27% (95% C I; 14%, 41%) of annual LCDs in never-smoking women are 
attributable to ETS exposure. Applied to the ACS’s estimate of 6500 such casesNn 19SS, this 
percentage equates to 1750 (910* 2660) ETS-related LCDs in never-smoking women The UR 
for male NS is likely at least as high as for female NS (NRC, 1986; Wells, 1988b). Applying the 
RR estimate for females to the ACS estimate of 3000 LCDs of mile NS in 1988 gives an, V 
estimate of 810 males, making the total estimate 2560 for both sexes. 

Compared to the wealth of epidemiologic data on never-smokers, particularly for women 
s married to smqkers, the information available for estimation of lung cancer risk in FS is not 

iubsuntUl.wThe absolute risk is higher in FS than in never-smokers, but the incremental risk 

v’ £'7*'v>. > ■- ■.*' . ' ■ . . * V. 

trom ensure to ETS is essentially unknown. For the purpose of including FS in the 

v < ■ ^ w - :' < : t ^ $ * - 

: -^^u#?icikiuUtibh of LCDs attributable to ETS, they are assumed to have the same relative risk from 
•' exposure to ETS as never-smokers, Based on this assumption and data regarding the number of 

:^^^|Yormer t smokers in the VS H the estimated annual number of LCDs due to ETS is 1260 (540 

• V.• • V- , ‘ >r A 

and 720 men, as calculated in Appendix B), Inclusion of FS brings the estimated total 

/ 1 number of LCDs per year from ETS to 3800; The component of this figure for married nctfer* 

f * smoking females is based on the Urge quantity of epidemiologic data that is available. It has 
been statistically estimated with a 95% confidence interval included to indicate a range of 
? statistical uncertainty. The componentTferms for unmarried women, for men, and for FS of both 
sexes are less well substantiated and subject to greater uncertainty. 
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5. ENVIRONMENTAL TOBACCO SMOKE AND 
RESPIRATORY DISORDERS IN CHILDREN 


5.1. INTRODUCTION , 

Medical epidemiological, and experimental research of the past forty years has implicated 

* . 11 t 

smoking as a causal factor in an increasing array of diseases and detrimental health conditions. 

> A recent workshop (Speizer, 1989Xdekribes chronic obstructive pulmonary disease (COPD) as 
a heterogeneous group of disorders with the^common element of obstructive airways disease. It 

t 

concludes that over the last 25 years there has been a drastic and relatively sharp rise in COPD. 
particularly in men, and that much of the increase is associated with temporal trends in cigarette 
smoking. As knowledge unfolds an increasing breadth’and severity of health^ffects related to 

smoking, the potential implications for passive smokers expand as welL 

* / 

* o 

Unlike studies testing for a link between ETS and lung cancer, only a few studies have 
used adult subjects to test for respiratory symptoms. Infants and small children generally have 
been preferred because of betlerstudy control for exposure to ETS and confounding substances 
and because of the greater likelihood of an observable response due to their higher 
susceptibility. Children are more susceptible to respiratory disorders because their immunologic 
and respiratory systems are immature and pulmonary function is still developing (NRC, 1986; 
WHO, 1986). Also, Moses* of ETS are larger relative to their body size. Very young children 
experience prolonged exposure since they spend much of their time at home, and they are not 
exposed socially or occupationally to ETS or potential confounding agents. On the negative ’ 

* side, regular active smoking and experimentation become potential confounding factors in 
children at about age seven that may be understated by either parental or selbreporting. 

At Early ages, particularly up to one or two years *hcn study results of some health effects are 

4> 

most consistent, in utero exposure to products of tobacco smoke is another potential 
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confounding variable. Finally, children are also relevant study subjects because of their 

population size. The number of American children less than toe yean old living in homes with 

at least one smoker pohably exceeds nine million \merican Academy of Pedial .cs, 1986). 

♦ 

As observed in the report of the Canadian Pediatric Society (1986), the results of 
* 

epidemiologic surveys on the potential effects of parents' smoking on their children were initially 

t 

equivocal because it was often asked if either parent was a smoker. Only when the mother’s „ y 
and father's smoking habits were considered separately did it become evident that the mother's 
smoking habit was more important. It is not surprising that maternal smoking is more 
* significant than paternal staking in studies involving infants and young children. The 
predominant effect of maternal smoking, however, further complicates differentiating the 

influence of maternal smoking during pregnancy and during the postnatal period A large study 

/ 

by Chen et al. (1988) has found increased respiratory illness in infants of nonsmoking mothers 

but with ETS exposure from other household smokers after birth. This s^merwhat discounts the 

* * 

role of the potential confounding effect of in utero exposure to tobacco products from the . 

r 

mother's smoking during pregnancy. 

This chapter focuses on the evidence for an association of ETS exposure with chronic 
respiratory symptoms, acute lower respiratory illnesses, and impaired pulmonary function in 
children, with’emphasis on epidemiologic studies that have appeared since the reports of the 
NRC and the U.S, SO in 1986. Studies on related topics arc discussed in the last section, 
including the exacerbating effects of household ETS on asthmatic children and the potential 
association of parental smoking with the prevalence additional respiratory disorders-aithma, 
upper-revpiratory*tract infections, and middle ear effusion (an indicator of chronic middle car 
disease). ' 
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5.2. EXPOSURE OF CHILDREN , . j ' : • • ' 

Biochemical data indicating txpcsurc to ETS arc predominantly assay results of cotinine , „ 
concentrations in urine, saliva, or serum. Nearly all of the studies on adverse /*<• <///* tfftcts 
however, have relied on verbal reports of parental smoking or some other measure of exposure,, 

Two exceptions have related health risks to cotinine concentrations. Strachan et al. (1989), who 
found a positive association between passive smoking and middle ear effusion in sevemyear-old r 
children, evaluated exposure to ETS by assaying salivary cotinine. The authors note that ■. . \ 

cotinine concentrations were related to the number of smokers in the household.- Schwartz* v - ■/. 
Bickenbach et al. (1987) observed urinary cotinine concentrations in infants u a measure of • 
exposure to nicotine at)d cotinine in breast milk and to nicotine in ETS. As noted by JarvU 
(1989). the implicit assumption in utilizing cotinine concentrations as a measure of ETS , . ( 
exposure, i.e., as a dose-surrogate, to detect detrimental health effects that may be associated 
with exposure to ETS, is that cotinine concentrations are directly proportional to the uptake of • 

risk-relevant compounds in ETS. Which compounds are risk-relevant to a particular detrimental 

V 

-health effect is generally unknown, however, and uptake may vary between individuals. Cotinine 
concentration appears to be the most promising internal measure of recent exposure to ETS. 

i ■ 

Studies that have addressed the validity or reliability of cotinine as an indicator of exposure to 

ETS are described next • ‘ . 

Jarvis et if. (1985). found saliva cotinine concentrations in nonsmoking schoolchildren to 

be related to smoking within the family. A dear increase in cotinine concentration was.observed 

across the categories (1) neither parent smokes, (2) father only smokev(3) mother only smokes. 

and ( 4 ) both parents smoke, Pattishall et aL ( 19$5) measured scrum cotinine in young children 

(6 to 12 years of age) and found a direct correlation with the number of smokers in the home, 

the amount smoked by the motherland the amount smoked by others in the home. Coultas and 
■ *, * < 
colleague! (1987) surveyed salivary cotinine levels in children and adults. Similar to the study by 


5-3 05/17/90 



Source: https://www.industrydocuments.ucsf.edu/docs/gydlOGOO 


2029047662 



v ..SO 



UK UT--DO NO I' OIL: OR CITE 

f * 

k. ' 

Pntt : sh;il! anil colleague's, the major determinants of a detectable level of cotinine in children 
were the mother’s smoking, father'* smoking, ind smoking of other household members. 

Hend« , i*.>n et at. (1087) found urinary cotinine to be a more sensitive indicator than serupn, .., 

v . ' 

cotinine among exposed children of dsy-care age., Both measures of cotinine, however, were 

significantly correlated with ETS exposure in the home as deteynined by levels of nicotine, if 

recovered.from air samples and by the number of cigarette butts collated. Henderson et y- 

(1989) notes that urinary cotinine/creatinme ratios were remarkably stable in preschool children. 

over a one-month period, and Jirvk et at. (1987) reports that cotinine measures were reasonably 

stable over one yesr in nonsmoking sdolescent girls. The cotinine/aeatioine levels of nine . 

children (9 months to 3J years of age) exposed to 26.4 micro-grams/m* of nicotine from SS 

peaked at 4 hours and the elimination half-life was 29 hours (Goldstein e< aL, 1967). Greenberg 

et al. (1989) studied a representative sample of 433 healthy neonates in centrsl North Carolina. 

Sixty-four percent lived in households with smokers or hsd contact with nonhousehold smokers. 

Urinary cotinine was found in 60% of all study infants. Seventy-five percent of smo.king mothers 

smoked near their inianu. The amount smoked in the infants' presence was the most significant 

correlate of cotinine concentration. ' , 

The cotinine u.ioies clearly demonstrate uptake, metabolism, and systemic distribution of 

ETS in infants and implicate mothers' smoking as a principal source of exposure in their, s own , 

\ 

children. There are indications of substantial host-related difference! in cotinine concentrations 
among children, i.c., in experiments with controlled exposure to ETS, cotinine concentrations 
vary between individuals experiencing the same airborne concentration of ETS. Benowrtz and 
Jacob* (M4) reported similar results for studies of cotinine in adults. To our knowledge, no 
researchers have estimated the component of variability due to intcMndividual differences of* 
absorption and metabolism ‘ n studies comparing cotinine levels with airborne concentrations of 
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5.3. . RECENT EP1DEM10L00IC EVIDENCE: i ’I.*' > " 

■ -i .< »■ 

Studies that have appeared subsequent to the NRC and U.S, SO reports of 1986 are 

$.■ displayed in Table 5-1. They have 1 irgety taken potential biasinj: Sictors into account in the 
j y ■ , , • *■ ■*». • $ 

Study design, protocol* bf data analym, It U often not feasible to measure and control for all . 


•vv,J. 


\'f'' the variables of potential interest* however, and it is difficult to do so perfectly when attempted. 


' * H 


U 


■ For example, active smokers among study subjects have generally been identified *by self- 

/ ■' * * 

£ reporting or parental reporting. Although there \i no evidence to suggest that this method has 

i K * t 

\ been inadequate, the possibility of classification bias cannot be fully excluded. Other examples , 

; of variables to be considered include parental social class (Chen et al., 1988; Somerville et al., 

1988; Willatt, 1986); heating and cooking fuels (Chen et al„ 1988); parental illness that could 

! . . 

\ either cross-infect their children or mike the children genetically vulnerable (Chen et it., 1988; 

i \ 

* Willatt, 1986); tt> J illnesses in the children that could mimic the effects of ETS (Chert et al., 

•< ■ 

1983; Gcller-l'crnsicin et jU 1987). Typically these variables have been entered into a multiple 
, regression or logistic regression model for statistical analysis or a method of stratification has 
, been applied. 

,> The epidemiologic studjea emphasized in the U.S. SG and NRC report! on ihe health 

hazards of ETS to children between birth and adolescence are shown in Table! 5-2 to 5-4 for 
respiratory sjymptoms, respiratory illness, and pulmonary function. About 30 additional studies 
r have appeared since the two major report! of 1986. Recent studies' characteristics are listed in 

• Table 5-1, which includes a few entries for ailments in addition to respiratory symptoms, 

■ respiratory illness, and pulmonary function. Those last three categories, however, are the 
principal focus of this report and the topics of the next three sections. The general formats of 

» * 

the sections are similar: summary conclusions and issues from the NUC and U.S. SO reports 
are reviewed; selected recent studies are described that may bear on the weight of evidence and 
relevant issues; implications of the recent studies for the results and conclusions of the NRC and 
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TABLE 5-1. EVIDENCE OF RESPIRATORY ■ 

DISORDERS RELATED TO ETS EXPOSURE FROM SELECTED STUDIES 
SUBSEQUENT TO THE U.S. SO AND NRC REPORTS OF IWi, 


Age of 
subjects 


Section 

reference 


Reaction to 
ETS exposure 



Chan et nl., 
1989 


Children (7) 5.43 and 5.4.4 


Wheeze in low-hirth- 
weight cohort; cough 
in controls, 1 


Chariton and 
Blair. 1989 


Adol, (12*13) 


5.4.1 and 5.73 


increased school 
absenteeisni. 


Chen et al. t 
1983 


Infants 


. 5.1,53, 533, }. .. Increased hospitalization. 

'53.4, and 5.73 ' T 


Chen, 1989 
(same sample 
data as entry 
above) 

V 

Evans et al„ 
1987 


Infants 


Chtl./adoL 
' (4-17) 


5.53 and 53.4 


Synergism of passive 
smoking and artificial 
feeding on hospitaliza¬ 
tion. 

Increased emergency 
room visits; no increase 
in hospitalizations; no 
effect on pulmonary 
function. 


Fleming et al„ 
1987 

Geiler-Bernstein 
et al, 1987 


Infants/ 
chil. (0*5) 

Infants/ 

chil. (0*5) /% 


53 and 5.73 


Increased upper, respira¬ 
tory tract infection. 

Persistent wheezing in 
atopic children who were 
bottle fed. 


Hinton. \m 


Infunts/chilr 


Higher ch.mce of hospital 
admission for grommet 
insertion (middle ear). 


Kulktil et al., 
19S7 


Children 


No association with 
middle e,»r problems. 


(continued on following page) 
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TABLE 5*1. (continued) 


w 

m 


■ * \ * 
'C x * 

|V*V 


Age of ' Section 

subjects*^- - reference 


Kauffmann et < > 

al., 1989 , r- *u^t. 


Lebowitz and 
Holberg, 198? / 




, -ChlWrert (6*10Vw 5.4.4, S.6J,‘ 

, .. *$&’«nd 5.6.4 

4 - 1 ' ► *4 

*^’-W - i ;. r * v wu./ 


Maria. 1988 


Martinez et al. 
1988 


ChiL/idol./ 
adult (5-25) 


J ’* £ > V 

idol./ ; ; 5.6.3 and 5.6.4 


Children (9) 


J ' 'Vr 


Children (5). ' 5.0 and 5.4.4 


5.7 J ! \ iU >, 


Reaction to . 

ETS expoiure, : 

Maternal (but not >^vp; ■ 
paternal) im'okinf'^v^ 
associated with decrease 
in FEV, and FEF tf , w< . V;. 

but not in FVC 

■ 

Lonj-term effect onX 1 ]'V-; 
chOdfcn’ipulmonary4;^V . 
function. ’ \,'S'-0^k 
•' • . ' ' 

More likely tdcouth of 
wheeze durint physical 
exercise. , 

Increased frequency of . 
bronchial responsivenesa 
and atopy in males but 
not females. 


feW.V' 


Masi et al., 
1988 


McConnochie and 
Roghmann, 

1986 

Murray and 
Morrison, 1989 


Adoi./adulU v 
05-35) 


5,63 and 5.6.4 


Children (6-10) . 5.43 and 5.4.4 


ChO./adol 

(M7) 


Exposure during lung 
growth period may affect 
miles permanently. 

Predicts wheezing only if 
family history is positive 
for respiratory allergy. 

More severe asthma 
. symptoms, especially in 
. miles. 


Neuspiel et ^ 
al., 1989 * 


Inf./chiL 

((MO) 


5.43, 5.4.4, 
and 5.73 


Increased incidence of 
post-infancy wheezy 
bronchitis. 


Ogston-et al„ 
• 1987 


Infants 


533 and 53.4 


Increased incidence of 
alimentary and respira¬ 
tory illnesses. 


(continued on following page) 
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__ TAnLE3»l. (continued) 

r « ' T”* r < .* ''■ * 1- ' -/T <V\ , 

Study . reference - - *' 


Reaction to 
ETS cxpoiuw 


; Ostro. CMi/ntlult* :.^'4 P J . •. .., 

f.< : • : Ml ';T\ 

:>' : /:: 7 v * ■ ' 

‘ <7w n-r*-.' ■ ,!:.v ' V-:-’- Z ’’ ■■ 

' Park and Kim, r Children 5.4.3 and 5.4.4 

1986 v <-**■*•■ I4);^\ ^ 

'. v s ^ c r. d** 'yt/. i**' » >-*' p \f.' ~ i r ) 

v MMl\M. r !” -l : ■ ’'’. ••’ . # * { :\ 

' Reed and Lut*^$y *M\ CftWnm / t ‘ *-7.l u s t . 
1988 ■» w ^ , 4( 

f 5X^ i *.- . „,v 

Somerville et Children 53, 5,43, 5.4.4, 

iU \m * ,t ; (5-11) .. 53..1, 5J.4, and , ^ f 

• »■ A'>/.*7 iQJlty'**}'?' * Y- 5.73 


r 

SiemetaU w^ M,, v .Infant* (M), 5.43; 5.4,4,533. / ' 

1987 . .ru-vv-V^ 53.4, 5.6.3, 5.6.4. '-< 

l and 5.7.3 


Strachan et aL, . t j Children (7) 5.2, 5.4.4, and. 

19K9 5.7.1 


Teculeseu et al„ 
1986 


Ado). (10*16) 5.4.3, 5.6.3. and 

5.7,2 


Willatt. \m 


Chil/tidol. 

<M5) 


5.3 and 5,7.2 


Increased respiratory 
restricted days in adults, 
and bed disability days in 
young children. 

Dose-response relation*, 
ship observed for cough, 
except with family history * 
of cough or phlegm. 

Dose-response relation* 
ship observed. v 

. A 

Associated with wheeze, 
day and night cough, and 
bronchitis attacks. ■ -- 
Asthma and morning 
cough increased, but not 
statistically significant. 

Increased hospitalization 
for’chest illness; cough, 
phleg^and asthma more, 
frequent. 

Relation between salivary 
cotinine and middle ear 
effusion. 

More prevalent respira* 
tory symptoms and upper 
airway infections; 
decreased forced expira¬ 
tory llow. Effects more 
marked in males. . 

Associated with sore 
throats. 


\ * ; v < 
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, the receht evidence Urjely «rrobor*te* and strengthens the 


for the limilir conds&tt of the two report*. 


' * . i I . . f •* 


RESPIRATORY SYMPTOMS. 

J ,• ; 

; studies on respiratory symptoms’dte<i in the'i986 reports of the U.$. SO arid the 


t listed.in Table >1 




; t vv ■ 1 :* - 

{A.r f ' wim, .• 

. 7 ... • 


The U.S. Surteon Oerteril'i Report on Raointofy Svmclflmi 
1 .' . Children who*e parents *thoke were found to hive* 30% to 80% excess prevalence of 

« i. -;v[V 4 ! ’ . V v ,\ ^ 




chronic cough or phlegm compared with children of nonsmoking parent*. For wheezing, the 
increas^in risk varied from none to over sixfold among the studies reviewed,' The result* of ’ 
*ome of these studies may have been confounded by the child's own smoking habit* (Colley ct 
al., 1974; Bland et a)., 1978; Kasuga et aU 1979). The association with parental smoking/was noc 

statistically significant for all symptom* in all studies (Lebowitz and Burrows, 1976; Schilling et ‘ 

' / 1 / 

al„ 1977; Schenker et aU 1983). However, the majority of studies showed an increase in t 

symptom prevalence with an increase in the number of smoking household membep in the 
home. \ , 

<5 Although misclassification of smoking children as nonsmoker* must be considered, many 
studies showed a positive association between parental smoking and symptoms in children at 
ages before significant experimentation with cigarettes is prevalent. In addition, several studies 
(Bland et aU 1978; Weiss et aU 1980; Charlton, 1984; Schenker et al./i983; Dodge/1982; 
Burchfiel et aU 1986) found significant effects of parental smoking after adjusting for active 
'smoking by the children. Acute respiratory symptoms represent an immediate health burden for 
the child. However, the long-term significance of chronic respiratory symptoms for the health of* 
the child is unclear. 
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